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PREFACE. 



Ik completing the first volnme of the Society's Journal, the Publi- 
cation Committee venture to regard with some satisfaction the new 
arrangement under which it has been issued, not so much, however, 
in respect to what has been actually accomplished, as on account 
of the organization they have been able to establish for the future, 
and which has been partially brought into operation in the later 
numbers of the Journal. 

The Journal will be published bi-monthly, in February, April, 
June, August, October, and December ; and whilst it will vary in 
size according to convenience, an endeavour will be made to ensure 
that it shall not contain less than sixty-four pages and two plates, 
with woodcuts as required. 

It will comprise : 

(1) The Ijiaksaotioks of the Society, being 4he papers read 
(or taken as read) at the Ordinary Meetings, and the President's 
Address at the Annual Meeting. 

(2) The Fbogeedinos of the Society, bein^ a report of the 
business transacted at the Ordinary and Annual Meetings, including 
any discussions on the subjects brought before the Meetings. 

(3) Notes ai«^d Memoranda, being extracts from the articles 
in English and Foreign Journals, Transactions, &c., which relate 
to the Microscope or the subjects of Microscopical Besearch, together 
with notes of any other current matters of interest to Microsconists. 

(4) BiBLioGBAPHY, being a list of the new'Books and oi the 
contents of English and Foreign serials, &c. (so far as they relate 
te the Microscope or the subjects of Microscopical Besearch), most 
of which are te be seen in the Society's Library. 

Special importance is attached to the '^ Notes and Memoranda," 
which are intended te present a summary of what is doing 
throughout the world in all branches of Microscopical Besearch. 
Whilst extracts] from English publications will not be excluded, 
preference will be given to those of foreign comitries, as being less 
easily accessible. Amongst these will be included the Transactions 
and Proceedings of the Academies of the United States, France, 
Belgium, Germany, Austria, Italy, and Bussia, together with the 
Microscopical, Botanical, and Zoological journals of those countries. 

The pages devoted to " Bibliography " will also, it is hoped, 
prove usefol, as giving in a condensed form information that cannot 
be so readily obteined otherwise. 

Lastly, it will not be out of place to remind the Fellows that the 
editing of the Journal has rested with those who, being much 
occupied in other pursuits, have not been able to give it undivided 
attention. 
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THE 

EOYAL MICROSCOPICAL SOCIETY. 



The Society was founded in 1839 (incorporated by Royal Charter 
in 1866) for tiie communication and discussion of observations and 
discoveries tending to improvements in the construction and in the 
mode of application of the Microscope, or relating to subjects of Micro- 
scopical observation. 

The Society consists of Fellows, Honorary Fellows, Corresponding 
Fellows, and Associates. 

The Council is elected annually by the Fellows, and is composed 
of the President, four Vice-Presidents, Treasurer, two Secretaries, and 
twelve other Fellows. 

Candidates for admission as Fellows must be proposed by three or 
more Fellows, who must sign a Certificate of Becommendation stating 
the names, residence, description, and qualifications of the Candidate, 
of whom the proposer whoso name stands first upon the Certificate 
must have personal knowledge. This Certificate is read at the next 
Ordinary (or Annual) Meeting, and the Candidate is balloted for at 
the succeeding Meeting. 

The Entrance Fee is 21. 28., and the Annual Subscription (payable 
in advance on election, and subsequently on 1st January annually) is 
22. 2«. Future payments of the latter may be compounded for at any 
time by a payment of 212. Fellows elected in the months of October, 
November, or December will not be called upon for a second sub- 
scription during the succeeding year, and Fellows absent from the 
United Eangdom for a year, or permanently residing abroad, are 
exempted from one-half the usual subscription during absence. 

The Ordinary Meetings of the Society commence on the second 
Wednesday in October, and are continued on the second Wednesday 
in each month until June. They are held at King's College, Strand, 
W.C., and commence at 8 p.m. Visitors are admitted by the intro- 
duction of Fellows. 

Twice in each Session an evening is devoted to the exhibition of 
objects and apparatus of novelty or interest relating to the Micro- 
scope or the subjects of Microscopical Besearch. 

The Journal of the Society, containing its Transactions and 
Proceedings, with other Microscopical information, is published 
bi-monthly, and is forwarded free of charge to all Fellows. 

The Library of the Society at King's College is open for the use 
of Fellows on Mondays, Tuesdays, Thursdays, and Fridays, from 
11 A.M. to 4 P.M., and on Wednesdays from 7 to 10 p.m. It is closed 
during August. 

Forms of proposal for Fellowship, and any further information, 
may be obtained by application to the Secretaries, or to Mr. Walter 
W. Reeves, Assistant- Secretary, King's College, Strand, W.C. 
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I.— THE PEESIDENTS ADDRESS. 
H. 0. SoBBT, P.R.S., P.(}.S. 

Plate I. 

When first I commenoed to write an address for this eyenmg, I 
intended to call yonr attention chiefly to some special subjects 
which have been prominently brought before our oociety during 
the last year or two. I never contemplated entering into certain 
questions with which I am so little acquainted practically that it 
would be presum|>tuous to express any confident opinion of my 
own. I thought it would be tar better to enter at greater length 
into the consideration of such special subjects as I hi^ve studied 
sufficiently as to be able to treat them in a more or less original 
manner. I proposed to lay before you an account of some further 
observations of my own in connection with the visibililrv of very 
minute objects, and to discuss what has been done and said by 
others in relation to this subject ; and also to consider some pointe 
in the construction of object->glasses, which have more particularly 
attracted my attention during the last few years. However, when 
I came to write out only a superficial account of another subject, I 
soon found that it alone was even more than enough to occupy 
your attention this evening. Being an almost entirely new appli- 
cation of the microscope, I thought it sufficiently suitable for the 
present occasion, and tnat it would be better to treat of it in some 
detail, rather than say so little as to make it scarcely intelligible, in 
order to find room for several other subjects. I propose, therefore, 
now to describe some simple additions to the microscope, which 



DESCRIPTION OP PLATE I. 

Fios. 1 to 6 represent the images of a small circular bole, viewed with a 
microscope through various crystals. 

Figs. 7 and 8 are diagrams of mounted objects. 

Figs. 9, 10, and 11 show the appearances seen on viewing the cross lines of the 
grating through different crystals. 
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enable ns to study certain classes of objects in a fiEir more satis- 
foictorj manner than heretofore. The very striking facts on which 
this method is based were first shown publicly at our scientific 
evening meeting on the I8th of April last year, when their true 
explanation was still unknown ; and were again shown at a sub- 
sequent meeting on the 31st of October, after the general principles 
of the subject had been sufficiently wdl established. The yanous 
facts seemed to attract so much attention, that I have often felt 
desirous to bring the subject before this Society, and now take the 
opportunity, since I fear another may not occur for some time to come. 

In the first instance my attention was exclusively directed to 
the application of the method to the study of comparatively large 
portions of minerals, having a thickness of ^ of an inch or more, in 
order that the various measurements might be made with sufficient 
accuracy to establish general principles, and to verify or correct 
certain theoretical deductions of Professor Stokes, who undertook 
that part of the subject. The results fully convinced me that the 
method would enable us to determine, with very considerable 
accuracy, some of the most important optical constants of crystal- 
line minerals, provided that the section be cut in the plane of any 
two of the axes. This alone was a great gain for mineralogy, 
since, in order to determine them by the methods previously adopted, 
more numerous and complex measurements were necessary, and it 
was requisite to cut the section in one very special direction. The 
new method enables us to approximately determine several im- 
portant particulars, no matter what may be the direction in which 
the section is cut. This is of course a very great advantage when 
we come to apply it to the study of thin sections of rocks, in which 
the minerals fie in every possible position.^ Even when compara- 
tively large specimens and a low magnifying power are used, the 
special characters observed by this method depend entirely upon 
the collection by an object-glass of more or less divergent rays. It 
is not, as so often happens, a case where the microscope merely 
magnifies an appearance which might be seen with the naked eye 
or a simple lens, but a new class of properties is, so to speak, created 
by the peculiar optical conditions of a compound microscope. 
Though the deductions have a direct bearing mamly on mineralogy 
and theoretical optics, it would not therefore be out of place to 
enlarge even on tnis department of my subject, but still I will not 
say more than is absolutely necessary, since I am anxious to 
describe more fully the applications of the new method to the 
study of minute objects somewhat highly magnified. 

Before proceeding any farther it will, I think, be well to give 
a short history of this subject. 

At the meeting of the Boytl Microscopical Society, November, 
1876, Dr. Boyston-Pigott exhibited and described an instrument 
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which he named a refradomeler. His paper was subsequently 
published, with a plate, in the ' Monthly Microscopical Journal.'* 
The principle made use of in applying this instrument was the 
increase in the focal length of the object-glass of a microscope, 
caused by looking through media of different refracting power. 
The author showed that if ^ be the thickness of this medium, and 
d the amount of the displacement of the focus, the index of 
refraction fi may easily be calculated from the following equation : 

i 

In the instrument described by Dr. Boyston-Pigott, the amount 
of this displacement, and also the thickness of the object under 
examination, were determined by means of a micrometer screw 
fixed under the stage of the instrument, in such a manner that it 
became unsuitable K>r use as an ordinary microscope. 

At the time of the reading of this paper I was much struck 
with the general method employed, and in the subsequent discus- 
sion I said that probably some modification of it might prove very 
usefrd in studying minerals. I have now succeeded in proving this 
very completely. . 

From the first I was anxious to contrive some arrangement 
that would enable us to obtain the necessary data with an ordinary 
microscope, or at all events with one so slightly modified as not in 
any way to interfere with its general use ; and I think that I have 
guoceeded in accomplishing this by a very simple addition, which 
will also enable us to use the instrument for a number of purposes 
not originallv contemplated. 

PtsusticaUy, the application of the method I propose is very 
simple. If an object be placed on the stage of a microscope and 
the focus adjusted, on placing over it a plaie of some highly re- 
fracting substance the focal length is increased, and hence, to bring 
the original object into focus, the body of the microscope must l^ 
moved fjEtrther from it. In order to measure the amount of this 
displacement, nothing, therefore, is required but some means for 
accuratoly measuring the distance over which the body of the 
microscope is thus moved. This may be roughly done with a small 
scaler accurately divided to r^Trths of an inch ; but it is feur better 
to have an attached scale and vernier, so as to be able to read 
to T(Anr of an inch, and to estimate half that quantity. The 
thiclmess of the specimen is easily measured by focussing first the 
particles of dust on the surface of the glass plate supporting the 
mineral, and then those on its upper sur&ce. Several observations 
should be made of the position of these different planes, as shown 
by the readings on the scale, and the means taken, in order to 

♦ Vol. xvi., 1876, p. 294. 
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compensate for small accidental errors, and care must of course be 
taken to avoid any that might be caused by imperfections in the 
instrument. If the section of the mineral be covered ^nth thin 
glass, which in most cases is very desirable, its apparent thickness 
must be measured, and due allowance made for it in calculating out 
the results. It is also requisite to deduct from the indices given 

by the formula /i = — -= a small quantity due to the e£fect8 of 

spherical aberration which varies with the aperture and correction 
of the object-glass, and also with the value of the index in each 
particular case. In order to obtain as accurate measurement as 
possible, a number of precautions must be taken, which are all 
simple enough, but it would occupy too much time to describe 
them in detail. With proper care the errors in the values of 
t and d ought to be certainly less than -nrW of an inch. The 
accuracy with which the indices of refraction can thus be determined 
depends much on the thickness of each specimen, but if it be from 
1^ to ^ of an inch, the errors ought to be limited to the third 
place of decimals. In practically emploving this method it is of 
great importance to have some object which gives a very definite 
focus. In the first instance I made use of a glass plate having 
very fine parallel scratches, made with the finest emery paper ; 
but I soon found that it would be very convenient to have more 
definite and equidistant parallel lines, not in any way affected by 
moving the stage. This can be accomplished by having them 
niled T^ of an inch apart on a glaas plate, fixed as &r as 
possible below the lenses of an achromatic condenser, with a small 
central stop, which gives at the focus a much reduced image easily 
adjusted either a little below the lower or upper surfisM^, or nearer 
the centre of the specimen, according as its shape may make it 
necessary, so that the light may pass to the object-glass as equally 
as possible from all sides. It is also extremely usdhl to have an 
iris diaphragm fixed just below the grating, so as to be able to 
obtain an image of a circular hole of any requisite diameter. I 
had two sets of lines ruled on the same sur&ce at right angles to 
each other, in order that there might be less chance of mistaking 
any strise in the mineral for a single system of lines, and that 
either system might be used if the other were obscured. This 
arrangement has fortunately led to the discovery of an entirely 
new class of optical properties. 

Unifocal and Bifocal Images, 

On looking at the double system of lines without any inter- 
vening object, both sets of parallel lines are seen at the same focus. 
If a pkte, with parallel fiat surfaces of glass or of any transparent 
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mineral which has no donble refraction, be placed on the stage of 
the microscope, with its sor&ces perpendicular to the line of vision, 
the two systems of lines can still be seen at the same focus, no 
matter what may be the azimnth of the lines to the axes of the 
crystal. The image may thus be said to be unifoeal, and to have 
no special /ocoZ ascis. The index of refraction, determined as aboye 
explained, is that of an ordinary ray. On the contrary, if the 
mineral possesses double refraction, the phenomena seen by means 
of the extraordinary ray may be totally different, and as though a 
cylindrical lens had been placed in front of the object-glass. In 
order to be able to examine separately the two rays polarized in 
opposite planes, a Nicol's prism must be nsed over the eye-piece, 
arranged at snch an azimuth as to transmit one or other ray alone. 
The ordinary ray has jnst the same properties, and is strictly 
unifocal, no matter what may be the direction of the section of the 
crystal ; bat the characters of the extraordinary ray differ greatly, 
according as the section is cut perpendicular, oblique, or parallel to 
the principal axis. I cannot refer to a better example than calcita 
On examming the image of the circular hole and of the grating 
through a section parallel to the axis, the plane of polarization of 
the Niool being arranged perpendicular to the axis of the crystal, 
so that only the extraordinary ray is transmitted, it will be found 
that at two different foci the circular hole is elongated in opposite 
planes, and that both sets of lines are invisible, unless they are 
nearly parallel and perpendicular to the axis, and that there are 
two hail points, separated from one another by an interval some- 
what more than one-eighth of the thickness of the section, at each of 
which only one system can be seen at onca The image is thus 
truly bifoccU, and has a definite focal axis, and the lines are dis- 
tinctly visible only when parallel or perpendicular to this axis. 
When determined in the manner alr^y explained, the index of 
. refraction for the lines parallel to the principal axis of the crystal 
is the true index of the extraordinary ray, whereas that for the 
lines perpendicular to this axis is only an apparent index, and is 
equal to the square of the index of the ordinary ray, divided by 
that of the extraordinary. 

The striking difference between a unifocal and a bifocal image 
becomes at once intelUgible if, instead of a grating, we examine 
through the mineral the image of a small circular hole, as Fig. 1. 
In the unifocal image this is seen undistorted, well defined all 
round at one definite focus ; whereas in the bifocal image there is 
no focal point whatever at which the hole can be seen of its true 
size and shape. There is one focal point for the two opposite sides 
of its circumference which are parallel to the focal axis, and at 
this focus the circle is drawn out parallel to that axis into a long 
bandy and there is another focal pomt for those parts of the circum- 
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ferenoe which are perpendicular to the axis, and the image is then 
drawn out in a direction perpendicular to that of the former image, 
as shown hy Figs. 2a and 2b. At an intermediate focal adjustment 
we see merely a large circle without any definition. It therefore 
follows that the series of black points forming a line would be 
similarly drawn out at the two foci into lines, and if these over- 
' lapped, as they would if the line were at that narticular azimuth, 
we should appear to have a well-defined black line, whereas at 
other azimuths this line would be spread out into a band, and so 
diluted with white light, as to be practically invisible. In a 
section parallel to the axis the images of the small hole are directly 
superimposed, but if we examine it through a section parallel to 
the cleavage they are widely separated in me plane of the principal 
axis, as shown by Fig. 4, and appear to he at difierent levels. That 
due to the ordinary ray remains in the centre of the field, and is 
not in any way distorted, whereas that due to the extraordinary ray 
is thrown out of the centre from the line of axis, and is both dis- 
torted and fringed with colour. This image is very decidedly 
bifocal, but one systom of hues is much obscured by coloured 
fringes, unless we illuminate with the approximately monochromatic 
Hght transmitted by red glass. When the section is cut in planes 
more and more incUned to the axis, the bifocal image becomes 
more and more nearly unifocal, and when the section is per- 
pendicular to the axis it is unifocal, but can be distinguished from 
that due to the ordinary ra^ by causing the light to pass obliquely. 
We then see two images with both sets of lines, at perfect focus, 
directly superimposed at two very vndely separated levels, as 
though there were two sets of lines ruled on opposite sides of a 
glass plate. One gives the true index of refraction of the ordinary 
ray, and the other an apparent index, which is equal to the square 
of the true index of the extraordinary ray, divided by the true 
index of the ordinary. On examining the sroall circular hole it is 
seen undistorted, in perfect focus, at two widely separated foci, 
surrounded with a large nebulous circle, due to the other image 
seen out of focus, as shown by Fiff. 3. 

All these phenomena are totaJly unlike what can be seen with 
the naked eye in looking directly through sections cut either 
parallel or perpendicular to the axis. A white or black spot placed 
close to the specimen is then not even divided into two. The 
phenomena seen with the microscope depend entirely on the power 
of the object-glass to collect divergent rays. In the case of sub- 
stances having no double refraction, this divergence merely obeys 
the laws of ordinary refraction, and enables us to measure the 
index in the manner already explained; but, in the case of the 
extraordinary ray, the hght is bent from the normal line unequally 
and in opposite directions, and may thus enter the object-glass at 
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an angle of divergence greater or less ihan that depending on the 
index of refraction, according to the direction of the section, and to 
whether the donble re&action is negative or positive. Thus, for 
example, in the case of calcite cnt perpendicular to the axis, the light 
diverges equally all around the axis, less than normally, and there- 
fore the focal point of objects seen through the section is made 
abnormally short, and the apparent index abnormally small, being, 
in £Etct, only 1 *332, whereas the trne index of the extraordinary 
lay ia 1-48U, and of the ordinary 1 *658. 

Crystals like orpiment or aiagonite, which have two optic axes 
and three different indices, have no ordinary ray, and no perma- 
nently unifocal imase, but two bifocal images polarized in opposite 
planes. We may uius have four different apparent indices. In 
the case of orpiment the image of a small circular hole is drawn out 
at two different foci into two crosses, as shown by Fig. 5. Each 
cross is produced by the combination of two bands of light polarized 
in opposite planes, each due to an extraordinary ray, analogous to 
the sii^le extraordinary ra^ of calcite. In the case of aragonite, 
cnt perpendicular to the prmcij)al axis, the arms of the crosses are 
nearly equal, but spread out in the manner shown by Fig. 6. 
This spreading out varies according as the aperture of the object- 
glass is large or very small. If the section is in a plane somewhat 
oblique to the principal axis, one bar of the cross is distorted into 
an irregular circle, and one arm of the other bar is spread out into 
a sort of crescent. 

A remarkable peculiarity of crystals which thus give two well- 
pronounced bifocal images, is that though they may be perfectly 
transparent, and distant objects distinctly visible through them 
with the nskked eye, the systems of lines at right angles to each 
other are perfectly invisible with the microscope, except at par- 
ticular azimuths. I was extremely surprised at this fiact wnen 
first I observed it, and could not understand the reason of this 
apparently strange peculiarity. 

When the section is cut parallel to the principal and to one of 
the secondary axes, we obtain a cross with unequal arms at four 
different foci ; and when cut parallel to the principal, and along the 
diagonal of the secondary axes, one image has the bifocal character 
very stronglv developed, and the other is almost or quite unifocal, 
but can be snown to oe also due to an extraordinary ray, by causing 
the hght to pass obUquely. 

If we wish to ascertain the real value of the indices, we must 
bear in mind the following fieusts : The image due to the light 
passing through substances not possessing double refraction, or to 
the ordinary ray of crystals belonging to the rhombohedral and 
dimetric systems, has no special foc^ axes, and the apparent 
index is tne true index, no matter what ma^y be the direction of the 
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seotion. Doubly refiractmg orystalB giye two images, one or both 
bifocal, and bare one or three principal focal axes, according as they 
haye one or two optic axes. These focal axes, which correspond to 
Fresnel's so-called aaea of dasticUy, are inyariably perpendicular to 
the plane of polarization of the images, and their direction may 
thus be detennined with accuracy, if the section can be examined 
Bideways with polarized light. In the case of any bifocal image, 
one of the apparent indices is tme only when the corresponding 
rincipel focal axis is parallel to the plane of the section. I^ 
thererore, a natural or artificial plate of a crystal be parallel to 
two principal axes, each image gives one tme index, and the third 
can be calcnlated. If, however, parallel to only one axis> only one 
index can be determined, whilst if not parallel to any axis, none of 
the tme indices can be directly measured. 

When the section is parallel to two of the focal axes, the three 
tme indices being fi, fi, fi\ the fonr observed indices are 

From lines perpendionlAr to the plane of polarization /i /i' 
From lines paiallel to the plane of polarization . . . . ^— ^ 

Bepresenting these observed quantities by a, b, e, and (2, we 

have a = ^/ ao or \/h d and t = - ; but since the measured 

'^ be 

values may be affected by errors of observation and also by those 
depending on the section not being cut accurately, these relations 
may not he found to be strictly tme, and there may be a consider- 
able difference between the two calculated values of il. In this 
case their mean may be adopted as the most probable approximar 
tion ; but it could not be correct if the section does not he more or 
less closely in the plane of two of the three focal axes. This may, 
however, be at once known by observing whether the two images 
are superimposed or separated; provided that the two polished 
surfiBces are truly parallel to one another. If with or without 
alteration in fooal adjustment the two images are seen to be 
directly superimposed, the section must be almost or quite in the 
plane of two axes, whereas if there be a lateral displacement the 
section must be inclined to that plane. 

Some anomalous results are seen in minerals which have such a 
strong dichroism that one image is completely invisibly or which 
are so made up of alternating plates of different refractive powers 
that the lines parallel to them are obscured by reflexion ; and various 
other special peculiarities might be named if time would permit. 
On the whole we may draw the following conclusions: crystals 
having no double refraction five only one image, which is sbictly 
unifood ; crystals having omy one optic axis give two images, one 
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truly tmifocai and the other bifocal, unless the section is nearly 
perpendicular to the optic axis; and crystals having two optic 
axes giye two images, both of which are bifocal, unless the section 
is nearly paraUel to four dijSerent phuies much inclined to the 
plane of the optic axes. The separation of the focal points in bifocal 
images varies directly as the intensity of the double refraction and 
the thickneas of the specimen ; and if the doable refraction be 
weak and the section too thin, the bifocal character of the image 
may not be recognizable with an object-glass of too low power. 
Somethnes, however, as in orpiment, the difference in the focal 
distances amounts to more than one-fifth its thickness. As a 
general rule, all the more important &ct8 may be observed quali- 
tatively, no matter what may be the direction of the section, 
though it may not be suitable for determining the tme value of the 
indices. The natural planes of crystals belonging to all those 
^stems in which the axes are rectangular, are, however, often in 
the proper direction ; and, unless their surfiAces be very irregular, 
perfectly satisfEtctory results may be obtained by mounting the 
specimens on glass and fixing over them a thin glass cover with 
(Wada balsam, or by using oil of cassia or some other liquid of 
nearly the same refractive power as the specimen under examina- 
tion, if it be desirable not to use balsam. 

Applying this method to the study of various minerals, the 
difference between them is found to be very great. We can, 
usually, at once see whether they give a single unifocal image or 
one or two bifocal images, and form a very good opinion respecting 
the intensity of the double refraction, and easQy determine whether 
it is positive or negative. There can never be any Question as to 
the index of the ordinary ray since the observed index is always 
true, and in many cases the index or indices of the extraordinary* 
ray can also be determined. All these &cts combined frimish dalA 
so characteristic of the individual minerals, that it would usually 
be difficult to find two approximately similar. In any case we have 
data which may often oe of the greatest assistance in identifying 
the different species. Of course this method cannot be employed 
if the specimens are opaque, or have such a fibrous or laminar 
structure as to prevent our distinctly seeing the lines of the 
gratmg ; but the presence of a vast number of fluid cavities and 
minute crystals or granules may not signify much. 

The above sketdi of some of the leading principles involved in 
this method of research would be very inadequate if on the present 
occasion it were desirable to folly explain its appUcation to the 
study of crystals sufficiently large to be cut in a j)roper direction, 
and to JDake it possible to determine the indices with considerable 
accuracy. It will, however, I hope, be enough to indicate what 
we might expect to be able to learn by applying the method to the 
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stady of ihin sections of rocks. For some time I feared that it 
never would be possible to obtain satisfEustory results with sections 
sufficiently thin to be useful for ordinary microscopical examination, 
since it appeared probable that the errors of observation would be as 
great as the differences between the indices of the various minerals 
usually met with in rocks. In order to identify these with confi- 
dence, there ou^ht to be no considerable error in the second place 
of decimals of tneir igeasured indices. I, however, now find that it 
is possible to make sufficiently accurate measurements with sections 
lees than riv of an inch in thickness, which had been prepared 
many years ago, and ground down as thin as was thought desir- 
able for ordinary microscopical examination. Though my appa- 
ratus is still &r from perfect, I have been able to obtain satis- 
factory results with sections only t^ of an inch in thickness, and 
even less. 

ApplieaHon of the above Method toJhe study of thin Sections of 

Bocks. 

When first I commenced to apply this method with thin 
sections, I very naturally dealt with them in the same manner as I 
had previously adopted in the case of thicker specimens, and 
determined the values of t and d by means of the scale attached to 
the body of the microscope. The next step was to determine their 
values by means of the rotation of the roughly graduated circular 
head of a well-constructed, fine adjustment screw. I found that 
with a -^ object-glass of small aperture a difference in adjust- 
ment corresponding to tttt of a revolution was just certainly 
apparent, wmch corresponds to about rvhnf of an inch. Conse- 
cutive measurements may vary by sevend such divisions, but by 
taking the mean of a number of observations it appears to me 
possible to measure to at all events ttsxhtu of an inch, and 
probably less. Since the true value of each revolution gradually 
diminiBhes from the top downwards, the mean value of d must be 
determined from observations made both at the upper and lower 
limits of the range of the adjustment required to determine the 
value of t. l{f however, the range be small, no such precaution 
need be taken. Of course when thus employing a microscope for 
such extremely accurate quantitative observations it is aledutely 
necessary that all the movements should be thoroughly well made, 
and that no other part but the fine adjustment should by any 
accident move to such an extent as even -nrivv of an indi. A 
general construction, which would do well enough for mere mag- 
nifying purposes, might thus be totally unfit for such refined 
quantitative observations. 

The above results were obtained with my ordinary condenser 
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and object-glaflses. I find that they can be gieatly improved by 
using a condenser of shorter focal length, specially constrncted so 
that it can be adjusted for different thiclaiess of glass. The object- 
glasses should also possess special characters. It is more important 
that the spherical aberration should be well corrected, than that 
the aperture should be large, or the image achromatic, since red 
light IS generally used for illumination. 

When the thickness of a section is considerable it may be 
allowable to assume that the polished surfaces are in contact with 
the thick glass plate on which it is mounted, and with the thin 
glass coyer; and we may disregard the thickness of the intervening 
Canada balsam ; but when we come to deal with very thin sections 
this would lead to very great errors. It is also necessary to bear 
in mind that both the thick and the thin plate ^lass are not of 
uniform thickness, so that measurements made m any one part 
would apply only to closely adjacent parts. It is also very neces- 
sary to remember that the thickness of any transparent substance 
measured in the manner described, by looking through itself ib not 
the same as its real thickness, but is approximately equal to its 
real thickness divided by its index of re&action. In accordance 
with these principles the most legitimate process appeared to be to 
measure the total thickness of the mineral, of the upper and lower 
balsam, and of the covering glass, and to deduct from it the true 
thicknesses of the balsam and of the glass, calculated from their 
apparent thickness ; and also to determine the displacement of the 
focus due to the miaeral alone, by similar means. Such a process 
is, however, very tedious, and the chances of error are greatly 
increased by the large number of measurements required, and I 
have therefore been led by degrees to greatly simplify and improve 
it. My experience so far leads me to recommend three different 
methods, one or other of which appears to be the best, according 
to circumstances. If the specimen be somewhat thick, and the 
indices of the minerals to be observed not so different from that of 
Canada balsam as to make a slight error in its thickness of 
importance, the balsam between the glass slide and the covering 
glass should be carefully cleaned out along one edge of the section. 
Fig. 7 shows what would then be the general relation of the 
different parts as seen in section. The thickness and effect of the 
covering glass (g) may then be entirely neglected, since the true 
distance between it and the slass slide is easily measured, and so 
is the total displacement of the focus due to the mineral (m) and 
the upper and lower balsam {b, V). Unless the balsam be rela- 
tively very thin its apparent thickness must be measured and due 
allowance made for it in calculating the results. The mineral 
observed ought to be as near to the edge as possible, to avoid any 
errors due to varying thickness. 
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As an illustration of the use of tliis method, I give the par- 
ticulars in the case of a section of the pitchstone of Arran which 
is about ^V of an inch in thickness. The space between the 
glasses was 2 * 54 ; the apparent thickness of the upper balsam * 12, 
and of the lower ' 22. The total displacement of the focus was * 89, 
from which must be deducted '19 for the balsam. Hence the 

2*03 

mean apparent index is pr-?^ t^ = 1 ' 526. This corrected for 

^^ 2*03 — 70 

the effects of the aperture of the object-glass would be about 1 '52. 
One image was very decidedly bifocal, and the other very nearly 
unifocal, as though the crys^l had two optic axes, but two of 
tiie three indices nearly equal. In all these characters this mineral 
corresponds most closely with adularia, so that its general com- 
position cannot differ much from that variety of felspar. The 
only question is whether the double refraction be not positive, 
instead of negative, which it does really seem to be. 

The only serious objection to this direct method of comparison 
is the chance of error m measuring the thickness of the balsam 
used in mounting, and when this is relatively great, it is better to 
adopt one or other of the following systems, in which the thiekness 
of tne balsam may be entirely neglected. 

It can easily be shown that if parallel plates of two transparent 
substances be of exactly the same thickness, their apparent thick- 
ness {t and t') as measured through themselves, varies inversely as 
their indices of refraction (/x and fi). If then the index of one 
of them (/i) be known, that of the other can easily be calculated, 
thus 

These relations enable us to ascertain the approximate value of the 
indices of re&action of minerals in very thin sections without any 
special preparation, by making only a few simple measurements. 

Fig. 8 shows the section of the edge of a thin plate of rock 
covered with a thin gkss which projects beyond it, the space 
between the two glasses being filled with hard Canada balsam (b), 
as shaded. Now in this case, if we measure the apparent thick- 
ness of any mineral near the edge, by focussing first to its upper 
and then to its lower surfieuse, and also observe the difference in the 
focal position of the lines of the grating, as seen through the 
mineral and through the balsam alone, we can at once calculate 
the index of refraction. A moment's reflection will show that 
the thickness of the balsam over and above the thin sUce need not 
be taken into account, since the displacement in the focal length 
only corresponds to a thickness of balsam equal to that of the 
mineral, wluitever it may be. The only source of material error 
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which need be taken into condderation is a possible variation in the 
index of the balsam. I assume that it is the hard and brittle 
balsam nsed to &sten down the specimen before it is ground 
thin, and not the soft balsam nsed to fix on the coyering glaiss. I 
find that the index of snch hard balsam varies but little, and is 
abont 1 ' 54. 

As an illustration of what may thus be done, I will describe 
the results in the case of several different minerals in a section of 
a dolerite from near Glasgow, which is only about 7^ of an inch 
in thickness. I give the measurements in turns of the head of the 
fine adjustment. 

A colourless mineral containing fluid cavities, filling up cavities 

between the original minerab, was '207 turn in thickness, aa 

measvred in Usdfj and when compared with the hard Canada 

balsam the decrease in focal length in the latter was found to be 

• 207 — '007 
•007, whence we have /a' = 1 -54 x jhat = 1 '49, In 

accordance with the principles described in my address at the 

Mineralogical Society,* this clearly shows that this mineral is a 

zeoUte, probably analcime. In a similar manner in the case of a 

mineral which looks very much like some variety of felspar, the 

fodd length in the balsam was increased, and the index was found 

•214 + '025 
to be 1 "54 X T^Yj = 1"61, which clearly shows that it 

cannot be any felspar which contains a large amount of alkali, 
since thai; would reduce the index very considerably. Theory led 
me to conclude that the index of labradorite should correspond 
closely with this. I am not aware that its indices have been pre- 
viously determined. I found that they are about 1 * 621, 1 ' 617, 
and 1*597. The mean of these is about 1*612, which agrees 
so closely with that of the mineral in the section, that it must 
almost certainly be labradorite, or some' felspar of similar chemical 
composition. 

In like manner I found that the mean index and the focal 
character of the images given by another colourless mineral closely 
correspond with those characteristic of calcite. I also found that 
the mean index of a dark-coloured mineral was 1 * 79 or 1 * 80. No 
common silicate which does not contain much iron has so high an 
index. Both in this and in other optical characters it corresponds 
doeely with the black augite in the lava of Vesuvius, which has a 
mean index of 1 * 785. 

The only important objection to this comparison with balsam is 
that its index may vary. It is, however, always possible to deter- 
mine what its real index is. Thus, for example, on comparing a 

* * Mineralogioal Magazine^' vol. i. p. 193. 
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transparent mineral filling a cavity in an old lava of Yesnyins "with 
fresh soft balsam, having an index of about 1*44, I fomid that 
the index of the mineral was about 1 '49, which closely corresponds 
with that of analcime, or some other analogous zeolite. 

Very frequently in large sections of rocks some interesting 
object may occur so far from the edge that direct comparison with 
the balsam might lead to serious error. This difficulty may be 
overcome by comparing it directly with some other mineral the 
index of wluch is either known or has been previously determined. 
For this purpose quartz is eminently suitable, since its mean 
apparent index, which is about 1'55, does not vary materially; 
it is so frequently met with, and so easily identified. By thus 
comparing with quartz a reddish mineral having no double refrac- 
tion, met with in a porphyritic rock firom Naddle Fell, I found 
that its index was about 1 * 82, which clearly indicates that it is a 
garnet containing much iron. 

To be able thus to determine the index from such thin sections, 
and &om portions of minerals with no solid transparent part more 
than 7^ of an inch in diameter, will for the future make it 
possible to identify the mineral constituents of rocks in a far more 
satisfactory manner than heretofore. In order to obtain such good 
results as those described from very thin sections, it is, however, 
necessary to take the means of many observations, and thus 
eliminate the unavoidable errors of individual observations. 

I have so far considered almost exclusively the mean indices of 
refraction and not the separate indices of uniaxial and biaxial 
crystals. I do not propose to enter at large into this part of 
my subject, but still I tnink it is not desirable to omit it alto- 
gether. 

The meteoric irons of Erasnojarsk and Bittersgrun contain a 
dear transparent mineral which has been proved to be olivine by 
the usual methods. I subjoin the values of the three indices, and 
give for comparison those of olivine, according to Des Gloiseaux : 

ErasnojaiBk 1-71 1*69 1*68 

Ritteragran 1*70 1-68 1-66 

OUvine 170 1*68 166 

Such a dose agreement clearly shows that the methods I have 
adopted are correct, and give very satisfactory results when the 
section is not too thin, and a sufficient number of observations made 
to eliminate accidental errors. 

In the case of the black augite of the lava of Vesuvius I found 
that the three indices were ab^ut 1*80, 1*76, and 1-75. This 
proves that there are two optic axes, and that the double refraction 
18 positive, in which it corresponds with diopside ; but the refractive 
power is very considerably greater in this black variety of augite 
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fonnd in lava, no doubt owing to the presence of a larger amount 
of iron. 

It will thus be seen that the study of the indices of refraction 
in the manner I have described enables us not only to identify with 
more confidence each particular mineral, by bringing to bear a 
most important dass of optical characters, hitherto unavailable in 
studying thin sections of rocks, but also in some cases enables us 
to form a very satisfactory opinion respecting certain variations in 
chemical composition. Though all this is possible, yet it most 
certainly requires a &r more strict attention to minute details than 
is ever taken into account in ordinary microscopical research. The 
accurate measurement of the up and down movement of an object- 
glass to within yoiinr ^^ ^^ "^^^ ^ ^ ^^^ different matter to 
measuring any such visible quantity with an ordinary micrometer, 
but then we must remember that by this step we convert the 
microscope into an all but new physical instrument. However, if 
some microscopists might not feef disposed to attend to all the 
minute detail necessary for accurate quantitative observations, the 
methods now described may easily be employed qualitatively, and 
many valuable conclusions drawn from what may be seen without 
any actual measurements. The difference in focal distance and 
the focal character of the images are easily observed, and much 
may also be learned from the manner in which the images are 
separated. This alone may prove that a minute crystal, seen under 
the microscope, has two optic axes inclined to one another at a 
greater or less angle. Since this is a fact of some interest, and 
has I believe not yet been applied to microscopical research, it will 
be well to notice it in some detail. 

As previously named, if a parallel plate of any doubly refracting 
mineral be cut in the pkne of any two of the focal axes, the two 
images, polarized in opposite planes, are not separated horizontally. 
"When cut obliquely, the results vary vnth the direction of the 
section and the character of the crystal. If it have one optic axis, 
and therefore only one focal axis, the line along which the images 
are separated is in all cases parallel to this axis, and therefore 
paralld to the plane of polarization of one of the images. If it 
have two optic axes, and therefore three focal axes, and the section 
be cut obUquely to two of them, the images will be separated in 
relation to bo^ of them, and the resultant line of mATiTrmir^ 
separation will not be parallel to the plane of polarization of either 
image. These hcia will be better understood by means of Figs. 9, 
10, and 11. 

In both cases the planes of polarization of the two images are 
supposed to be parallel to one or other of the two systems of per- 
pendicular lines of the grating (Fig. 9). This is easily arranged 
practically. The plane of pdanzation of a polarizer under the 
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stage is arranged parallel to one set of lines, and the analyzer over 
the eye-piece crossed so as to give rise to a naturally dark field. 
The object is then introduced and rotated until it is in such a 
position that it does not in any way depolarize the light. The 
polarizer and analyzer are then removed, and the microscope so 
adjusted that the lines of the grating are seen in ^ood focus thn)Ugh 
the crystal. If both systems of lines are doubled^ as in the case of 
the oUyine of the Bittersgriin meteorite, shown by Fig. 11, the 
crystal must have two optic axes, inclined to one another at a 
considerable angle. It, however, only one system is doubled, as in 
Fig. 10, it may be a two-axed crystal, cut obliquely only to one 
to&l axis; but if on examining a number of different crystals, 
scattered in various positions through the thin section of roclc, only 
one system of lines is invariably doubled, the mineral must either 
have only one optic axis or two which are inclined to one another 
at a small angle, two of the three indices of refraction being very 
nearly equal 

A httle care is sometimes necemar^ in order to see the lines 
well separated. Frequently they lie m different planes, so that 
they cannot be seen m focus at the same time, especiaUy if too 
higU nrngmfying power is HBed. On the conti^.^e horizontal 
separation may be so small that they cannot be seen separately, 
unless a high power is employed. The extent of this separation 
varies directly as the intensity of double refraction, and as the 
thickness of the section, but also, as previously named, depends on 
the direction in which it is cut. With a i object-glass and a 
powerful eye-piece, there is no difficulty in seeing that one set of 
lines is divided by calcite, even when it is only ^^^ of an inch 
thick, since its double refraction is so strong, but a much greater 
thickness of some minerals would be necessary. Care must be 
taken not to confound this true separation with any duplication of 
the lines due to accidental reflexions, which are distinguished by 
varying with slight movemento of the object. 

If any individual crystal be so cut that its optical characters 
cannot be determined by means of this visible horizontal separation 
of the lines, it must necessarily be cut in such a direction as to 
enable us to determine them by means of the focal character of the 
images, the one method being the most applicable just when the 
other breaks down. 

As a practical example, I will describe what I observed in a 
section of lava from Vesuvius about ^hir of an inch thick. It 
contains a few scattered crystals of what I believed to be olivina 
In some cases neither system of Unes was sensibly divided, but 
both images were bifocal, and I obtained for the three indices 
about 177, 1 • 72, and 1 • 64. In some examples only one system 
of lines was divided, but in others both, one being separated by 



The President's Address, H. C. Sorby, F.B.8., P.G.8. 17 

about T^hfjf of an inch, and the other by abont s^ioo ? the fbnner 
being readily resolved by a f object-glass, but the other requiring 
a i. It will thus be seen that both classes of facts clearly prove 
that the mineral has two optic a^es, and that the three indices of 
refraction differ very considerably, but have a mean value of about 
1 '71. This is *03 higher than that of the variety met with in 
the meteorites previously mentioned, probably owing to a variation 
in the amount of iron, though at the same time it is only isir to 
say that in measuring only once the indices in a section ^shr of 
an inch in thickness, we cannot be sure that the second place of 
decimals is perfectly correct. On the whole, there can be very 
little doubt that it is olivine, smce, so far as I am aware, no other 
common mineral has corresponding optical characters. 

In this section of lava are also scattered crystals of augite, their 
mean index of refraction being 1*80. By using a i, I could 
just separate one system of lines, but the section is too thin to 
enable me to separate the other system. In the case of another 
section, which is nearly three times as thick, I found that the 
indices were about 1 ' 80, 1 ' 76, and 1 ' 7«^, and I could just see that 
the second system was also double, but the lines much less separated 
than the others, which agrees with what would result from two of 
the indices being nearly equal. We thus prove most completely 
that the mineral has two optic axes inclined at a small an^Ie, and 
has positive double refraction. In all these characters it differs so 
much from the olivine, that they could not possibly be confounded 
together, even if they were not otherwise well distinguished. I am 
not yet quite certain whether the above-described characters enable 
us to distinguish augite &om hornblende. As fietr as my present 
observations go, the mean indices of refraction of the dark varieties 
of hornblende and of augite are nearly the same, but all my sec- 
tions of hornblende show the lines very decidedly less separated 
horizontally than in the case of augite of equal thicxness, as though 
the double re&actions were less intense. 

The principal difficulty in at onee applying this method of 
study is that our knowledge of the indices of refraction of even 
some of the commonest minerals is so imperfect. Des Gloiseaux, 
in the ' Annuaire du Bureau des Longitudes ' for 1877, gives what 
^pears to be a very complete summary of what was then known. 
The minerals in this list are all but exclusively those which can be 
obtained in comparatively large and transparent crystals, since the 
indices could not be determined by the old method if they were small 
and somewhat opaque. In many cases also only the mean index 
of biaxial crystals is known, and not their three different indices. 
What we ought to know is the value of all the indices of the 
commoner and more opaque varieties of the constituent minerals of 
rocks. By the methods I have described these indices could soon 
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be determined with sufficient aocnracy for the nee of practical 
petrologists, and they would then be able to study the micro- 
scopical structure of rocks in a more satisfactory manner than 
heretofore, and at once clear up a number of interesting questions, 
which, howeyer, relate more to geological and mineralogical pro- 
blems than to ihe construction and use of the microscope. I wiU 
not, therefore, further occupy your time in describing them, since 
I feel that I may haye already made my address somewhat too 
special in my anxiety to point out a new direction in which the 
practical application of the microscope may be further deyeloped. 

I must, howeyer, not conclude without describing some appli- 
cations of my method of study in the case of organic structures. 
There can be no doubt that it will enable us to decide seyeral 
interesting questions connected with the constitution of shells. If 
sections were prepared specially for this purpose the measurements 
might be maae with aoundant accuracy. Howeyer, in order to 
test what may be done, I haye merely used sections cut many 
years ago to ^ow the organic structure. Though they are only 
about y^ of an inch thick the^ enabled me to learn many interest- 
ing facts. Thus, for example, in the case of a shell of Pinna, cut 
nearly parallel to the prisms, it was easy to see that when they are 
cut somewhat obliquely only one ^stem of the lines of the grating 
is diyided, the separation bemg in the line of the axes of the prisms. 
It was also easy to see that one of the images is nearly, if not 
quite, unifocal, and the other yery decidedly bifocal. I obtained 
tor the index of the ordinary ray 1 ' 63, and for that of the extra- 
ordinary 1 '49. In the case of calcite these should be about 1 *65 
and 1 -la 

In a section of the shell of HaHotis tuberculata occur in the 
outer layer certain transparent portions, which one might readily 
suppose were only calcite. This method of study, howeyer, 
enaoled me to proye that they are really aragonite, since certain 
portions giye two well-marked bifocal images. Comparing to- 
gether all the fEicts, they indicate that the substance has a powerful 
negatiye double re&action and two optic axes not much inclined 
to one another. The obsenred indices were 1 ' 71, 1 * 69, and 1 * 55, 
the mean being 1 ' 65. That for aragonite is 1 ' 63, which is as 
close an agreement as could be expected from one single set of 
measurements with a section only ^iV of an inch in thickness. 

These examples will, I trust, be sufficient to proye that it is 
possible eyen now to apply this method of study with success in 
the case of yery thin sections. With improved apparatus and 
using sections specially prepared, there should be no difficulty in 
obtaming excellent resulte. 
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n. — Description of Professor AVbe's Apertometer, with Instructions 

for its Use. By Cabl Zeiss, of Jena. 

{Read hefcre the Eotal Micboscopical Society, hy Joss E. Ingfek, Esq., 

December 5, 1877.) 

Plate IL 

The apparatus in question is intended to enable an exact mea- 
sorement of angular aperture of any object-glass, dry or immersion, 
to be made, and to afford a defimtion of aperture, which is not 
limited by the maximnm air-angle, which is independent of the 
medium in front of the lens, and which at the same time, by its 
theoretical signification, may afford a direct indication of the re- 
solving power of an objective. 

The principle of the method is stated by Professor Abbe in the 
following manner : — ^The lens is made to act as a telescopic objective 
by combining it either with the naked eye or with an auxiliary 
microscope equivalent to a terrestrial eye-piece, and by observing 
the images of external objects near the hack focal plane of the lens. 
The angular field of the miniature telescope established in this way, 
is detennined by observation, the real area of field in the micro- 
scopic action of the lens, or the central part of this area, being made 
to act as the area of aperture in telescopic vision. Bv this inver- 
sion the angular field m the telescopic action of the lens is made 
strictly identical with the angular aperture in its microscopic 
action. In order to get a detemimtionof aperture not depending 
on the medium in which it is observed, the angular amount of 
the telescopic field is reduced, by a calculated scale, to a purely 
numerical value — the product of the sine of semi-aperture with the 
re&active index of the medium in which it is observed. This 
product is constant for different media (air, water, or balsam), and 
by its value in any objective indicates the limit of resolving power 
{ihe minimum distance of separable parts) in rdation to the wave- 
length of light. 

The apparatus consists of a semicircular disk of crown glass, 
90 mm. (3*5 inches) in diameter, and 12 mm. (0'5 inch) in 
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Fig. 1. — ^Plan of Apertometer^ faU sue. a, silvered cover wiih transparent 
centre ; 6, 6, blackened brass indices. The inner scale shows the air-angle, the 
outer scale the ^'nnmerioal aperiore/' by which a direct comparison can be 
made between dry and immersion objectives. 

Fio. 2. — ^Elevation, showing position of one of the indices b. The image of 
the point is made to coincide with the margin of the field of view. * 

Fia. 3.— Section of examining glass, showing the position of its achromatic 
lens and diaphragm. 

Fia. 4.-MDiaphraem of examining j^lass. 

Wia. 5, — One of the indices shown m perspective. 
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thicknefls, polished on the cylindrical edge, and giptmd to an angle 
of 45^ in file direction of the diameter. This disk being pnt on 
the stage of a microscope, the rays admitted by the cylindriGal edge 
of the disk horizontally are directed into the axis of the microscope 
by total reflexion. The centre of the semicircle is formed by a 
little hole in a silyered cover cemented to the upper £Eice of the 
disL 

Two indices of blackened brass with sharp edges, sliding on 
the periphery of the disk, afford visible marks for observing the 
limits of telescopic field, or microscopic aperture, of any objective. 

On the npper &ce of the disk there are two engraved scales ; 
one of them showing the angular semi-aperture for air, the otha: 
the nxmierical indication of aperture as stated above. 

A 2-inch object-glass, with a specially adjusted diaphragm above 
the lens, is added to tbe apparatus. It is to be adapted to a draw- 
tube appUed within the microscope, in order to get the telescopic 
eye-piece necessary for measuring the higher power objectives. 
The management of the apparatus is as follows : 
The semicircular disk of crown glass is to be put on the stage 
of a ipicroscope, and the objective, the aperture of which is to 
be measured (we will call it x), is roughly focussed to the little hole 
in the silvered cover-glass. In the case of an immersion lens a 
drop of water of course will be apphed. 

This done, the eye-piece of the microscope is taken off, without 
altering the position of the objective x. The naked eye, in looking 
down into the open tube, will now see above the objective a small 
air-image of the cylindrical edge of the glass disk and images of 
objects round the microscope, which are brought into the axis 
of the microscope by total reflexion. 

If X is an objective of low power, from i inch downwards, the 
naked eye is suflScient for observing the aperture. For this purpose 
the two indices of black brass are put to the edge of the gls^s disk, 
and moved to and fro until the points of them as seen in the 
image above x just touch the margin of the illuminated field ; i. e. 
appear or disappear, the pupil of the eye being kept in a central 
position. The position of the indices is read by their straight 
edges on the innermost scale of the disk. The half sum of both 
readings will give the semi air-angle of the objective x. For 
systems of higher power the image above the objective is too small 
for observation with the naked eye. In this case an auxihary 
microscope is necessary for this observation, which is got by means 
of the draw-tube. The lens belonging to the apparatus (we will call 
it B) is screwed to the draw-tube and combined with one of the 
ordinary eye-pieces. The auxiliary microscope thus obtained, is 
focussed to the image above named, by moving the draw-tube up 
and down until the edge of the disk is seen quite distinctiy. Now 
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file indioes are adjusted, as before described, so that their sharp 
points just touch the margin of the cironlar field limited by the 
contour of the back lens of, or any diaphragm in m. If the aperture 
is great enough, the indices should be brought to the disk in such a 
position as to touch the margin fix)m within. 

The position of the straight edges of the indices on the ifUemal 
scale of the disk will give me semi air-angle of the objectiye Xj as 
stated before. The external scale will give another definition of 
the aperture which is more abstract, and may be appUed to those 
immersion lenses the angular aperture of whicn, taken in air, would 
surpass 180° ; i. e. would be imaginary. This external scale will 
give the value of the product a = n . sin. ir, n denoting the 
refractiye index of any medium in front of the objectiye, and w 
the angle of semi-aperture belonging to the same medium. This 
quantity a, which Professor Abbe calls '^numerical aperture," 
giyes an absolute definition of aperture, which will not depend on 
we nature of the medium, supposed in firont of the lens — air, water, 
or balsam ; and by which lenses of eyery kind are directly com- 
parable. This yalue, taken note of as above described, the middle of 
the readings of both the indice«i considered, will afford the angular 
semi-aperture w of the lens for any definite medium, by the 
formula 

a 
Bin. tp = - > 
» 

a denoting the number obseryed, n the index of the supposed 
medium. 

For instance, the immersion lenses oi Zeiss will giye approxi- 
mately, 

a = l,l; 

calculated for water (n = 1 -333), for balsam (n = 1 50), 

-- = ^ dn.» = M = o-733 

w = 55^ 30' to = 47° 15' 

2«7 = 11P 2«7 = 94°30' 

= water angle. = balsam angle. 

The internal scale giyes the semi air-angle from 5-5 degrees, 
the external scale the yalue of a from 5-5 units of the second 
decunal ; by estimate the single degrees and the units of the second 
decimal of a are easily deduced. 

The exactness of the obeeryation does not depend either on a 
yery exact focussing to, or an exact centering of the hole in the 
silyered coyer (the centre of which forms the geometric centre of 
the scales). It is sufficient if any point whateyer of the hole is in 
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the field of vision of the objective x, the possible difierence of 
centering being eliminated by taking the mean of the reading of 
both indices. 

It is important in this method of measuring that, by the 
arrangement described, all " fiedse rays," i. e. all rays which do not 
act in the formation of the ordinary microscopic image, which the 
objective x would produce, are excluded. If the observation is 
made with the naked eye, the pupil of the latter (which by its 
central position at the end of the tube will coincide with the ordi- 
nary image as seen in the eye-piece) acts as a diaphragm for 
thiapnrpoae. In the case of the aniiliaiT microeoope the aame 
effect is produced by a diaphragm above the achromatic lens, be- 
longing to the apparatus. In observing the indices on the died^ by 
the auxiliary microscope, this diaphragm excludes aU raya heeidee 
those which wonld fom the o£^ microscope imaje in the 
middle part of the field of vision. Therefore this diaphragm forms 
an essential part of the apparatus, and must be specially adjusted 
to the objective B, in diameter and position, in order to Miil its 
task. 

In the two scales the position of every line has been calculated, 
the calculation being based on the measured index of the ciown 
glass forming the di^. 
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On the OrihanecHda^ a new Clasa of Animals par€tsitic on Echino^ 
dermcUa and TwrheUaria. By M. A. Giard.* — The little Ophinran, 
Ophiocama neglecta, contains a eingnlar parasite whioh may serve as 
the type of a whole group of animals of very curious organization 
and hitherto almost unknown. The following are the circumstances 
under which this parasite is met with. Ophiocoma negleda is an 
Ophiuran with condensed embryogeny, or viviparous. The incuba- 
tory cavity, situated in the aboral part of the disk, communicates 
freely with the exterior ; for the most advanced embryos contained in 
this cavity frequently present upon their arms a pretty VorticeUay 
which occurs almost always upon the arms of the parent animal. On 
tearing open the disk in order to extract the embryos from it, we find 
it, in certain individuals, filled with a multitude of animals like large 
ciliated Infusoria, which traverse the field of the microscope in a 
straight line, and with the rapidity of an arrow. The animals occur 
of two forms, which I shall name provisionally the elongated and the 
ovoid form. In both they are simple planuloe, that is to say, organisms 
composed only of two layers of cells — an exoderm or outer layer of cili* 
ated cells, and an endoderm consisting of larger cells bounding a linear 
central cavity with no buccal aperture or anus. Notwithstanding this 
low organization, the body is metamerized, and the metameres even 
present remarkable differentiations. The first ring terminates an- 
teriorly in a blunt cone, and bears a tuft of rigid setsd. It is followed 
by a cylindrical ring of the same length, the whole surface of which is 
roughened with papillsB, apparently disposed in ten longitudinal rows ; 
this is the only part of the body which does not present vibratile 
cilia. The third ring is larger than the first two taken together ; it 
widens gently towards its posterior extremity. The fourth metamere 
is of the same dimensions as the papilliferous ring, it is followed by 
a terminal ring, furnished with longer cilia at its posterior extremity, 
conical and subdivided into two metameres less distinct than the 
preceding ones. Such is the elongated form. The last rings form a 
sort of dub with which the animal beats the water, independently of 
the movement of the cilia, and by sudden blows, which one might 
think due to the action of muscular elements. The ovoid form differs 
from the elongated form only in its less length and greater breadth ; 
but I have ascertained that it is not the result of a contraction of the 
animal. Perhaps it is a sexual form, perhaps also a young state of 
the parasite. I give this strange animal the name of Bhopalura 
ophiocomtB.^ 

Intracellular Fermentation, — In a note communicated to the French 
Academy by M. Muntz, reference is made to experiments of MM. 
Jjechartier and BeUamy showing that fruits, roots, and leaves 

* From the ' Annals and Magazine of Natnral History ' for Febniary, 1878. 
t ' Comptes BendoB,' October 29, 1877. 
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removed from the action of oxygen became the Beats of alooholic 
fermentation with evolntion of carbonic acid, and without the appear- 
ance in their tissues of any alcoholic fungi. These obseryations con- 
firm the statements of Pasteur in 1861, that if plants continued to lire 
in an atmosphere of carbonic acid they became ferments for sugar and 
behaved like beer yeast. M. Fremy thought that the true explana- 
tion was that yeast cells were formed, and to settle this question 
M. Muntz made his experiments, and found that the plants he grew in 
air produced no alcohol ; that those grown in nitrogen afforded 
appreciable quantities ; and the plants continued to develop. He did 
not search for mycoderms, but assumed none were present, because the 
plants began in a few hours to produce oxygen and preserved their 
vitality, which he considers they would not have done had they been 
invaded by fungi. To detect minute quantities of alcohol he employed 
Lieben's method, which depends upon the action of iodine and an 
alkali at a slightly elevated temperature upon alcohol. It gives rise 
to iodoform (a yellow solid), the production of which he watched 
under the microscope. He supports the conclusions of Pasteur that 
the living cells of the higher plants can in the absence of oxygen act 
like fungus cells and produce a true alcohoHc fermentotion.* 

The Inversion of Sugar hy Fungi. — M. Gayon states to the French 
Academy, as the result of his observations, that PeniciUium glaucumy 
Sterigmatocystie nigra (Aepergillus niger) rapidly invert sugar solu- 
tions, but other Mucors, such as M, spinosue, M. tnucedo, M, ctm- 
neUoidee^ WUzopue nigricans, leave them intact. The unicellular plants 
Pasteur calls tortdas, act also as inverting ferments. When the mucors 
are obliged to live without free oxygen in the must of beer or wine, 
their mycelium becomes chambered and develops ferment cells, which 
reproduce themselves in the same form while the conditions are 
unchanged, but develop in the normal state when replaced in very 
aerated liquids. The ferment cells of Mucor drdnelhides are 
spherical, and remarkable for activity of pullulation. In solutions of 
levulose, or glucose, the alcoholic fermentation proceeds as in beer 
must, but in cane-sugar solutions no such action occurs, as the sugar 
is not inverted by the mucois mentioned. M. Trecul, commenting 
upon these observations, concluded that those observers were right 
who affirmed that P. glaucum could pass into the form of beer yeast 
and return back to its original form, which M. Pasteur denied. M. 
Pasteur, in reply, referred to his * ]&tudes sur la Bi^ ' as confitting 
this idea.! 

Formation of Blood Fibrin, — M. Hayem described to the French 
Academy microscopical studies on this subject. He states that the 
bodies he calls hcematoblastSy which can be recognized in living 
animals, experience great alterations when they pass out of the 
vessels. He states that when a preparation of coagulated frog's blood 
has a current of iodized serum passed through it the ** ha^maties " 
may be seen disposed in rosettes around masses of haBmatoblasts, 
fixed in their positions by filaments springing from the centre of the 

* ' Comptes Bendus/ January 7, 1878. f Ibid. 
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roeettes. This mode of treaimg the blood displays the hAmatoblasts 
transfonned into inegnlar, angular, stellate corpnscles, with ex- 
tremely fine delicate fibrils springing from them, branching and 
forming a network not easily seen, except they are coloured with 
iodina Human blood exhibits these changes very plainly. The 
hiematoblasts of the ovipora, like those of the higher vertebrates, ex- 
perioDce rapid modifications. A few minutes after the preparation 
is made they become much changed, and may be seen in the inter- 
spaces between the hsBmaties as little corpuscles, mostly spinous, 
isolated, or grouped in chaplets ; afterwards in small irregular masses. 
These corpuscles are in general more highly refractive than the 
hiematoblasts that form them, and are often of a greenish yellow 
colour. If blood is taken from a living animal and diffused through 
enough iodized serum to hinder coagulation, the hcematoblasts appear 
isolated and in their normal shape, but after some hours they exhibit 
small prolongations that seem formed of their own substance. In 
defribrinated blood neither hiematoblasts nor their corpuscles are 
found, and this is the case with blood taken from a dead body after 
past mortem coagulation. The hsamatoblasts, as well as being destined 
to become adult red globules, possess special properties, and may be 
considered as a third species of blood elements. Are they the 
determinating cause of coagulation ? This seems probable. At any 
rate, three factors are concerned in coagulation; a substance pro- 
ceeding by exosmose from the hsBmatoblasts, and which perhaps 
represents paraglobulin ; isolated or grouped corpuscles formed by 
them in the process of cadaveric change, and -from which the network 
of fibrils springs; and a substance primitively dissolved in the 
plasma, modified in the presence of the matter exuded by the hiemato- 
blasts, and forming by precipitation nearly all the fibril network. In 
their normal state the smallest hsBmatoblast corpuscles are about 1 /i 
in diameter, and the largest rarely more than 8fu In intense 
anasmia, especially when allied to a cachectic condition, we see 
voluminous masses formed by the hsamatoblasts 60 or 70 fi in their 
lai^est diameter, but usually the network springing from them is 
less than in the normal state. In acute maladies, the hffimatoblasts 
are less abundant, but, contrary to what is observed in cachexies, the 
fibrin forms a rich and thick network.* 

Action of very Low TempercUure on Bacteria, — While the action of 
high temperature on bacteria has been frequently studied, few observa- 
tions have been made as to their behaviour at low temperatures, but 
it has been found that they stiffen at QP (0.), and are not killed at 
— 18° to « 26° (0.). Herr A. Frisch by means of solid carbonio 
acid and ether exposed some putrefactive fiuid bacteria and some forms 
of coccus and bacterium in the morbid products of living organisms 
to — 87 * 6^, and allowed them in the course of 2^ hours to rise to 0°. 
The result was that the bacteria in the fluid withstood this low 
temperature, and was able to grow rapidly when transferred to a 
suitable nutritive fluid. Further information is to be given con- 
cerning the resisting power of Coccus, Bacterium, and Bacillus.! 

* ' Comptes Bendus,' Jan. 7, 1878. t ' I>er Naturforscher,' 5, 1878. 
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Chrysalis Mimicry, — A species of butterij in Venezuela observed 
by Golhner (Aidos amcmda) makes a cocoon which it fastens to a 
twig, and which has the appearance of round holes. It is composed 
of two layers, of which the enter one is perforated, and the inner one 
so bent in as to leave a hollow space between the two. The chryiaalis 
is protected by the strong inner layer which is not seen from out- 
side, and the outer layer appears bored right through, and looks like 
the hole left by a species of wasp when it emerges from the pupa 
state.* 

JDicUom Desiccation and Revival. — The ' Journal de Micrographie ' 
for December, 1877, gives a paper on this subject by Paul Petit, who 
states that after vainly searching amongst dried mud containing 
diatoms for spores or zygospores, he made the following experiments : — 
He collected at various times of the year diatoms with their sub- 
stratum of mud, and allowed them to dry in the sun, sheltered from 
dust; some for six, some for eight months. Last September he 
examined fragments from these deposits, and found the frustules 
transparent and seeming empty ; but a careful investigation showed 
that in the interior of a considerable number there were some large 
brown granules, which he took for desiccated endochrome. The vessels 
containing them were then filled with distilled water that had been 
well aerated, and exposed to direct light and heat of the dun. For the 
first three days little change was noticed, but from the fourth day the 
brown granules augmented in volume and assumed the yellowish tint 
characteristic of diatom endochrome. Watching from day to day the 
increase of the plasma in volume, he noticed that at the end of five 
days it filled half the frustule, and on the eighth day assumed its cha- 
racteristic form. The NaviculaB then began their curious motions, and 
some days later commenced to multiply by division. Some of the frua- 
tules did not recover, and this he thought was because they had been 
dried too rapidly. 

Searching for Trichina.^^M, TikhomirofT, in making a microscopic 
examination of pork supposed to contain this parasite, digests small 
pieces for half an hour with their weight of chlorate of potash, to 
which he adds four times as much nitric acid. The muscular tissue 
thus treated is agitated with distilled water till the fibrils separate. 
If the trichina is present, a hand lens shows the fibrils with fusiform 
swellings, and the microscope recognizes the creatures, f 

A Fossil lender. — ' La Nature,' January 26, 1878, gives a magnified 
drawing of a fossil spider, AUoides eresiformis, discovered by M. Ch. 
Brongniart in the tertiary marls of Aix, in Provence. It is about 
3*5 mm. long, and allied to the recent Salticus (Attus) and Eresus. 

The French Academy has awarded 600 francs to M. Bagnis for a 
monograph of Pucdnia, and the Commission to which his work was 
referred, observe that authors admit more than 370 species of this 
genus, generally characterized and named according to the plant they 
infest. This implies that one plant only nourishes one Puccinia, and 
that each Puccinia is only parasitic on a particular plant M. Bagnis 

* ' Der Naturfoncher,* 1, 187a f ' La Nature,* February 2, 1878. 
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now shows the contrary to be the case, and tliat one plant may 
nonrish many distinct forms of Pttcctma, and that one Puccinia may 
be fonnd on very different plants. He also shows that the gronping 
of the spots formed by the fructification of these f angi depends more 
npon the plant that nourishes it than Upon the fongns, and that these 
characters cannot be regarded as specific. 

On the Bed-lmg and iU Allies. By Professor Leidy. — In the 
western part of our country, observed Professor Leidy, I frequently 
heard that bed-bugs were to be found at any time beneath the bark of 
the Cottonwood and the pine. In these positions I never found one, 
nor have I ever found the insect except in the too-familiar proximity 
of man. Recently, when in the west, while watching some cliff 
swallows passing in and out of their retort-shaped nests, built under 
the eaves of a house, I was told that these nests swarmed with bed- 
bugs, and that usually people would not allow the birds to build in 
such places, because they introduced bed-bugs into the houses. 
Having collected a number of the bugs, as well as others from the 
interior of the house, specimens of both of which are submitted for 
examination by members, I found that while the latter are true bed- 
bugs, Cimex leetuiariu8y the former are of a different species, the Gimex 
hirundinis. 

The bugs infesting the bat and pigeon have likewise been recog- 
nized as a peculiar species, with the name of G. pipistreUi and G. 
eohtmbctnuB, Professor Leidy further noticed that the habit of the 
O. hirundini$ was similar to that of G. lecttdarius in the circumstance 
that the bugs during the daytime would secrete themselves in 
crevices of the boards away from the nests. After sunset he had 
observed the bugs leave their hiding-places, and make their way to 
the nests. From these observations it would appear as if the peculiar 
bugs of the animals mentioned did not reciprocally infest their hosts.* 
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We very much regret that we are unable to give any adequate 
biographicfld notice of our late friend, Dr. Lawson. We have done 
our best to procure some details of his life previous to his residence 
in London, but have not yet received the promised assistance of our 
friends in Birmingham, where he was Professor of Physiology at 
Queen's College. 

On coming up to London he was first lecturer on Histology at 
8t Mary's Medical School, and afterwards lecturer on Physiology 
and the paid physician. At that time he did some good original 
work in the anatomy of snails, and denied the existence of an ovo- 
testis. He also, before Gunther, proved that whitebait are young 
herrings. He also wrote a paper on the lunjgs, heart, and blood-oor- 
puscles of the slug, and others on the anatomy and physiology of 
gasteropods. 

>» « Pioo. Nat. SoiV Philadelphia. 
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Latterly we have all known him well as a member of onr Coonoil 
and Editor of our Jonmal, He was elected a Fellow in 1868, and 
became Editor of the ' Monthly Microscopical Journal ' when it was 
first established in 1869. 

He continued to perform the editorial duties until his death, on 
the 4th of October, 1877, in his thirty-seventh year, and his removal 
from us has led to the entire discontinuance of that Journal, and to 
the resolution of the Council to publish our own ' Transactions/ 

Jambs Scott Bowbbbank, LL.D., F.B.S., &c., was born in Sun 
Street, Bishopsgate, London, on the 14th July, 1797, and received 
his early education from the then celebrated Dr. Kelly, of Finsbury 
Square, London. 

About the age of fifteen he entered his father's distillery, where in 
subsequent years, and in conjunction with his late brother Edward, 
the business was carried on under the name of Bowerbank and Sons. 

At this early period his scientific tastes began to develop, leading 
him to the study of astronomy, chemistry, botany, geology, anatomy, 
and physiology, which occupied every available moment of his time 
not devoted to business, which he pursued with ardour, but made it 
available whenever possible for his scientific studies. 

About the year 1820 he joined the old McUhemcUicdl Society 
meeting in Crispin Street, Spitalfields, where he attended the lectures 
of a Mr. Wilson, a name famous at that time. In this Society he was 
subsequently appreciated as a lecturer on geology, botany, anatomy, 
and physiology, and his diagrams and botanical models were used at 
one of the metropolitan hospitals for some years in their lectures. 

As a member of the London Clay Club he investigated the 
fossil fruits and seeds from the Isle of Sheppey, and in 1840 began 
their history; but this publication was not continued. 180,000 
fruits and seeds are now in the British Museum as a result of his 
industry in collecting. Out of this gathering of earnest workers came 
the ^^ PcUceontographicdl Society*' in 1847 — a Society which has done 
so much to make known the richness of the fossils of our own country, 
having figured 22,764 specimens, and described 4444 species in 30 
volumes. 

For many years Dr. Bowerbank was its Hon. Sec. ; for ten years, 
and at the time of his death, its President. 

Entomology was a favourite study of his in early days. He wrote 
a valuable paper in the Entomological Magazine, 1883, on " the 
Structure of Scales on the Wings of Lepidopterous Insects.'* He had 
also observed the circulation of the blood in the larvie of Ephemera 
marginatOy and many other matters too numerous to mention here. 

The microscope was his especial delight and study, and by its use 
his investigations into the structure and habit of sponges, both recent 
and fossil, have been greatly facilitated, and brought to a state of 
comparative completeness. 

Bowerbank was one of the originators of the Boyal Microscopical 
Society f and had filled the office of President. He was also a contributor 
to its * Transactions,' and in the Journal for June 1st, 1870, may be 
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found bis aocount of the earlj improTements made in the microscope 
in 1828 by Tnlly, and afterwards by Boss, Powell and Lealand, Smitb, 
and Beck ; also on ibe metbods of momiting objects by tbe ose of 
Canada balsam. 

Indeed, so many eminent men came at tbis time to bis bonse in 
order to examine tbeir specimens by bis instrmnent, tbat be was com- 
pelled to fix one nigbt in tbe week for tbeir reception, and tbns origi- 
nated tbe celebrated " Monday Night Meetings" wbere so many eminent 
men used to assemble, and always received a kindly greeting and 
welcome, wbetber in tbe New Nortb Boad, Park Street, Islington, or 
in bis capacious museum at Highbury Grove. 

A Fellow of tbe Geological Society as early as 1838, be wrote a 
paper in tbe ' Annals and Magazine of Natural History ' on ^' Organic 
Bemains in tbe Flint of Cbalk," and in ' Trans. Geol. Soc. ' vol. vi. 
1841, on ** Siliceous Bodies of the Obalk, Gre0n6and, and Oolites." 

He also formed a large collection of fossils, very many of wbicb 
now enricb tbe national and otber collections. 

Dr. Bowerbank was one of tbe originators of tbe Zoological 
Society y and for many years a member of its Council. 

In bis museum at ELigbbury Grove tbe first idea of an aquarium 
was started. A small glass jar was used to keep Chara translucene 
for microscopical purposes, to wbicb were afterwards added some fisb 
and animalcules, until at length tbe idea was worked out by Mr. N. 
Ward, Mr. Warrington, Mr. M. Marshall, and others, and brought 
to its present state of development 

As a Fellow of ike Boyal Society be in 1857 contributed several 
papers on tbe " Anatomy and Physiology of the Spongiads ; " but as 
a member of tbe Bay Society^ which, with the late Dr. Johnston, he 
assisted in founding, and of which be was for many years Treasurer, 
he will bo best known and remembered for bis " Monograph of the 
British Spongiadoe," 

It was in the year 1841 when occurred a fortunate opportunity 
wbicb gave a *bias to bis future studies of tbe sponge, and then first 
began his really great work. 

At Brighton a storm had thrown upon the beach vast quantities 
of seaweed and sponge as fiir as the eye could reach. Although dead, 
they were filled with the soft matter of the sponge. He selected the 
most promising specimens, placing them in glass jars filled up with 
strong spirit, and had them immediately conveyed to London for 
systematic examination, and from these be derived more information 
dian from many times tbeir number of dry specimens. 

Having agents on many parts of tbe coast collecting fossils, be 
now also employed them in collecting sponges. 

Friends in different parts of the world made consignments which 
were of tbe utmost value to bim in bis investigations. His general 
instructions were, '' Only remove as much of the watery matter as 
will prevent the sponges from rotting on tbe voyage; but do not 
send me dean specimens, as if intended for the bath." 

Tbe accumi^tions of years, numbering very many hundreds, are 
now in tbe British Museum. 
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Dr. Bowerbwok was a Fellow of the Boyal and nearly all the 
other scientific societies of London. He died at St. Leonards-on-Sea, 
the 8th of March, 1877, in his eightieth year, i^ter an illness of a 
little more than a month's doration, and was buried in the family 
Tanlt at Hollington Church, near Hastings. 

Chablxs Ttlxb. 
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EiNO'8 CoLLBOB, December 5, 1877. 

H. C. Sorby, Esq., F.RS., President, in the chair. 

The minutes of ihe preceding meeting were read and confirmed, 
donations announced, and the thanks of the Fellows were unanimously 
Toted to the donors. 

The President said it would perhaps be desirable that he should 
make an announcement as to what had taken place that evening at the 
meeting of the Council, with reference to the Journal. On account of 
the death of Dr. Lawson some difficulties had arisen, and Mr. Bogue 
proposed terms which it was out of the power of the Society to enter- 
tain. The matter had been thoroughly discussed by the Council that 
evening, they having met at six o'clock specially for the purpose ; and 
after going into the question in all its bearings, it had been decided 
that £e Society should publish its own ' Transactions ' from January 
next. They thought that this plan would offer some advantages to 
the Fellows, and would be altogether more in accordance wiUi the 
dignity of a Society like theirs. A committee had therefore been 
formed to carry out the new scheme. 

Mr. J. E. lugpen then read a paper by Herr Zeiss, " On Abbe's 
Apertometer," which was illustrated by the exhibition of the 
apparatus and by drawings made upon the black-board. (The paper 
will be found printed at p. 19.) 

The President, in moving a vote of thanks to Herr Zeiss, said he 
had been obliged to pay some attention to this subject of angular 
apertures, and he felt much dissatisfied so far as his experience went, 
from the want of similarity in the results obtained by different 
methods. He thought it would be exceedingly interesting to know 
how far the new method agreed with the others. He suggested that 
it would be well to stop off the front lens of the objective by dia- 
phragms of different sizes, so as to ascertain whether by so reducing 
the front they would obtain results which were consistent with those 
obtained in other ways. He would impress upon those who were 
interested in the subject, the desirability of commencing with low 
powers, and gradually working up through the series to the high ones. 
He might just add that the question was one which had been forced 
upon his notice by certain calculations of Professor Stokes, which 
caused him to try and see if the apertures as measured in different 
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vays wonld give differences Bnfficient to account for the discrepancies 
obserred. 

Mr. Ingpen wished to say a few words, by way of supplementing 
what he said after reading Ibr. Wenham's paper on his new method of 
measuring apertures. Since that time, he had seen Mr. Wenbam's 
way of doing it, and would endeavour to explain it more clearly than he 
had been able to do on the former occasion. In measuring the angle, 
Mr. Wenham used the object-glass without any object upon the stage, 
and haying placed the instrument in a horizontal position, he marked 
off a circle having the objective in its centre; he then, put over the 
eye-piece an achromatic observing lens, and placing a light on a level 
with the objective, he turned the instrument round until the light 
began to disappear. Having measured the arc, and marked it as zero 
on the circle, he turned the instrument round in the opposite 
direction until the light began to &de on that side ; this so far was 
the ordinary way of measuring the angle. But then at this point he 
took a brass cap with a very minute hole in the centre, and put it 
over the eye-piece, and it was at once found that the small pencil of 
rays which could alone get through this hole was much less than 
those which got into the whole tube. He took a new iVinch 
objective and tried to measure its angle in three ways ; in the old 
way it showed as 125^, then on looking at it with an observing lens 
it seemed about the same ; but the moment the cap was put on, down 
came the angle to 100^, and Mr. Wenham said that this was the true 
critical angle of the glass. The principle upon which the cap was 
used was then explained by means of black-board drawings, and it 
was shown that through the small hole they got the central pencil of 
rays which passed through the objective — not of' course all that went 
through the front combination, but all that would pass through the 
lenses as observing rays. 

Mr. Slack asked if Mr. Ingpen had compared the readings 
obtained in the new way with those obtained by Mr. Wenham's 
method. 

Mr. Ingpen said he had not yet had time to do this, having only 
received the apparatus on the previous evening ; but he had found 
that it did reduce the angle, although he could not say to what 
extent. 

Mr. Stephenson, in reply to a question frtfm the President, said 
that Professor Abbe had shown him the apparatus when he was in 
London, at the Exhibition of Scientific Instruments at South Kensing- 
ton. Professor Abbe on that occasion tried several objectives ; the 
lowest of these was Zeiss's No. 2 immersion, which gave 105°, No. 3 
gave about 102^. It seemed to him to be a very excellent way ; on 
the occasion to which he referred the slab of glass was rather 
different from the one now exhibited, being square instead of half 
circular. 

Mr. Slack asked Mr. Stephenson if the measures taken by his own 
plan differed much from those obtained by Mr. Wenham's. 

Mr. Stephenson said he had never tried Mr. Wenham's method, 
his remarks referred entirely to Professor Abbe's. 
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Mr. Ingpen pointed out that it was decidedly essential that eyeiy 
circle should he most accurately calculated, and that a different cor- 
rection was necessary in the case of every plate in consequence of 
differences in the refractive indices of the glass of which Uiey were 
made. 

Mr. Slack then read a paper hy Mr. F. A. Bedwell, " On OepAoZo- 
eiphon." The paper was iUustrated hy drawings, some of which 
were enlarged upon the hlack-hoard hy Mr. Stewart. Mr. Slack, in 
referring to the diagrams, explained hriefly the structure of the rotifer, 
and showed that the chief point in the paper was that the selective 
power, which all ohservers must have noticed to be possessed by this 
class of creatures, was in some way or other connected with the 
" tongue." 

The President moved a vote of thanks to Mr. Bedwell for his 
communication, remarking at the same time upon the difficulty of 
following papers of this kind without having them to read and com- 
pare with tibe diagrams at one's leisure. 

Mr. W. S. Kent said that mention was made of the "siphon 
tube " ; he thought that to be really what its name implied, it must 
necessarily be open at both ends, but he could not make out that this 
was so. It was apparently a kind of long tentacle thickly fringed 
with hairs at the end, and seemed more likely to be used as a 
plasterer's brush than a siphon. 

Mr. Charles Stewart read another paper by the same author, '' On a 
New Method of Eramining Actinia mesemhryanthemum ; " and at the 
suggestion of the President, Mr. Stewart by means of a large black- 
board drawing explained the general structure of this class of sea^ 
anemones, and denoted the chief points of interest referred to in the 
paper. 

The President proposed a vote of thanks to Mr. Bedwell for the 
paper, which he thought evinced a great amount of work; their 
thanks were also due to Mr. Stewart for his very dear explanation of 
the subject. 

Mr. W. S. Kent regarded this as a most interesting paper, and one 
which he felt sure they would appreciate still more when they had 
an opportunity of reading it It appeared to contain some rather 
original discovery, and the mode of examining these creatures was 
certainly very ingenious, and would enable the merest tyro to examine 
this species perfectly. 

Mr. Charles Stewart said that a specimen found some time ago in 
a deep-sea dredging from the ' Porcupine ' showed that there was not 
the same contraction of the body walls as was found in most species. 
It was at first thought to be a Holoikurian. Mr. Stewart then drew 
it upon the black-board, and pointed out that a section of it agreed in 
every respect with a drawing of Actinia given by Mr. Qoese. He 
also mentioned that observations of these deep-sea creatures did not 
necessarily depend upon vivisection, as recommended in Mr. Bedwell's 
paper, because the objects themselves were so transparent that all 
which went on within could readily be seen from outside. In this 
way the absorption of food might be perfectly watched, and it would 
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be seen that it was not digested in the so-called stomach, but was 
rapidly passed down into the body cavity below. 

The President stated that he had at one time studied some of these 
creatnres in order to ascertain the nature of their colouring matters. 

Mr. Stewart said this reminded him that there was a circular 
bond roxmd the month, of a beautiful colour, which was due to the 
presence of hsBmoglobin ; and it was curious to note that this was 
the colouring matter of the human muscles, and it was also found in 
the Odontophores. 

Mr. W. S. Kent inquired if the President had paid any attention 
to the remarkable turquoise bodies found upon Actinia, and which was 
also found in a jelly fish, also in a nudibranch, and in a marine 
Cyclops and some others. 

The President said it was a number of years since he investigated 
these subjects, and although he believed that he did examine a blue 
colour amongst others, he was not prepared to say off-hand, as he was 
unable to re^Jl the observation with sufficient distinctness. He was, 
however, quite impressed at the time with the idea that there was a 
wide field of research open in that direction. 

The meeting was then adjourned to January 2, 1878. 

The following gentlemen were elected Fellows of the Society : — 
W. L. Scott, Esq. ; James Baynes, jun., Esq. ; Bev. P. B. Sleeman ; 
and Henry Bchlesinger, Esq. 

January 2, 1877. 

Dr. John Millar, F.L.S., in the chair. 

The minutes of the preceding meeting were read and confirmed, a 
list of donations read, and the tlulnks of the meeting were voted to tiie 
donors. 

The chairman reminded the Fellows that in view of the approach- 
ing anniversary meeting they would be called upon to elect two 
auditors of the accounts, and the " House List " of nominations for 
Officers and Council would be submitted to them. 

Mr. W, T. Suffi>lk, proposed by Dr. Gray, and seconded by Mr. 
ThoB. Palmer ; and Mr. B. T. Lewis, proposed by Mr. Curties, and 
seconded by Dr. Matthews, were then duly elected Auditors. 

The Chairman said that with regard to the changes proposed in 
the list of Officers and Council, the President would retire, and it 
was proposed to elect as President Mr. H. J. Slack. Two of their 
Yioe-PiesidentB would retire, and in their places it was proposed to 
elect Dr. Hudson and Mr. Sorby. Their present Treasurer would be 
invited to retain his office, and as Secretaries they had nominated 
Mr. Charles Stewart and Mr. Frank Crisp. The four members of the 
Council who would retire were Messrs. Crisp, Ingpen, Loy, and 
Dr. Lawson, and it was proposed to elect in their places Messrs. 
Badcock, C. J. Fox, Dr. Oray, and Dr. Matthews. 

A paper by Dr. Bartlett, " On the Detection of Toxic Matter con- 
nected with Typhoid and other Enteric Diseases," was read by the 
Secretary, and the thanks of the meeting were unanimously voted to 
the author for his communication. 

Dr. Bartlett, in reply to a question from Mr. Slack, said that the 
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'' fungoB *' formed .in the first instance was merely an ordinary sac or 
cell, after a short time it became elongated and threw off a filamentous 
material (like that shown by some of the bacteria) with a number of 
spores, and it seemed to him to be a sort of connecting link between 
vegetable growth and that of animal matter. It was not easy to give 
a yery satisfactory idea of them by describing them only, bat he 
hoped shos^ly to be able to show some yery elaborate drawings which 
would render- the subject much more clearly than any verbal descrip- 
tion. He believed that Dr. Elein was the first to discover these 
bodies in the typhoid patient. Whatever it might be, it seemed 
of precisely the same nature as that which was found in cheese when 
it was throwing off the butyric ferment. That which he found in 
the water went through precisely the same stages (and was, perhaps, 
better identified in so doing) as that found in the cases of typhoid. 
He had also examined many specimens since, and had been able to 
identify them so clearly that he was more than ever confident that 
the two things were identical, and sarcina was so well marked that 
no one would be able to mistake it when seen of a smaller size. The 
chief difficulty in observing the objects arose from their diaphanous 
nature, which prevented them from being easily seen, and this led to 
the suggestion of injecting the organisms with something which 
would kill, and at the same time would colour them, and this was 
readily done by a small portion of the mercuric iodide. The point 
of course was that by adopting this means it had been possible to 
detect what had entirely escaped the chemical tests which were applied. 

Mr. Charles Stewart said that if he had rightly understood the 
paper, it endeavoured to show that a special fungus found in typhoid 
patients was due to certain spores found in the water with which the 
milk cans had been cleansed. He thought, however, that it was 
hardly possible to say precisely that the fungus in question was the 
actual cause of the disease, unless it were practically tested whether 
the introduction of it into the human system was sufficient to produce 
the disease. These minute f angi were so abundant everywhere, that 
the mere presence of them where they were found did not of necessity 
show them to be the cause of the disease, but only perhaps that they 
had there found a suitable material, in which to propagate themselves. 
Allusion had been made to Dr. Klein's discovery of these fungi, but 
he believed that although Dr. Elein had thought at one time that 
he had so discovered them, he had since seen reasons for modifying 
his opinion, and now was under the impression that the peculiar fine 
fibrDlsB which he had observed were those of fibrine separated from 
the general structure, and were, in fact, not fungi at all. Dr. Elein, 
therefore, had given up this particular fungus, but whilst doing so he 
did not by any means give up the idea that the disease was due to a 
fungus, and although he had not yet demonstrated its presence in the 
human subject, he believed that he had shown it in the pig. 

Dr. Bartiett said he had not in any way attempted to do more 
than identify the existence of the fungus in the water, and afterwards 
in the patients. 

The Chairman inquired if the people at the farms had suffered in 
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any way from drinking the milk, or whether they had been in the 
habit of drinking the water. 

Dr. Bartlett said that there had been no appearance of the disease 
at the farms, and there was no need for them to drink the water from 
the pond, because they had an abnndant supply of remarkably pure 
water obtained from the deep chalk. The water from the pond had 
only been used to wash out some of the cans, and for the probable 
reason that it was less trouble to use it than to draw up the well 
water for the purpose. 

Mr. Slack said that this Grenothix bore a great resemblance to a 
minute form of bacterium found in the blood of cattle attacked by a 
splenic disease which the French called sang de rate; and with 
reference to this it had been shown that if any of the blood from an 
animal bo affected was injected into the circulation of a healthy 
animal, it was the means of reproducing the disease. With regard to 
Mr. Stewart considering all these things as fungi, he was inclined to 
think that this was a very difficult thing to decide ; for instance, they 
would find in mother of vinegar a great many bodies which could 
hardly be classed as fungi. 

Dr. Bartlett thought that it was evident that the very minute 
red bodies which were found there were real parasites on the yeast 
plant. 

Mr. Slack said he did not refer to these red bodies, but to those 
producing or connected with acetous fermentation. 

Dr. &rtlett said it was on account of the growth of these parasites 
that brewers found it necessary to change their yeast every year or 
two, otherwise there was danger of getting, in place of a fermentation, 
merely certain putrefactive changes. 

Dr. Matthews asked was there any suspicion of any sewage having 
found its way into the water in any way ? 

Dr. Bartlett said that no trace of any sewage was found. 

Dr. Matthews thought that if the disease had really been so 
traced to its origin, and had been shown to thus originate de novo, it 
was of extreme interest, because it had always been thought to be 
perpetuated and transmitted down through countless generations and 
to be traceable to contamination with the matter so transmitted. 

Mr. Slack said it would be remembered that at one of their 
scientific evenings he had exhibited a piece of bone from one of the 
large fossil reptiles discovered in Sussex, the Megaloaaurus BucJdandii ; 
and Mr. Stewart on seeing it, observed that it very strongly resembled 
the structure of bird bone. He had brought the specimen with him 
to the meeting, and also for comparison a section of the femur of a 
turkey, and would place the two under the microscopes upon the 
table for comparison, when it would be at once seen that there was a 
very close resemblance between the forms of the Haversian canals in 
the two specimens. 

Mr. Charles Stewart said that the resemblance to the bird structure 
in these great bird-like reptiles of America had been already pointed 
out, and attention had been called to the subject also by Professor 
Huxley. Certainly, looking at it from a Darwinian point of view, 
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this reBemblanoe was rather striking, and would seem to point to a 
closer relationship between the two forms than now appeared, and 
might seem as if they were twigs which had forked asunder from a 
common origin. Mr. Stewart then, by means of coloured drawings 
upon the black-board, pointed out the difference between the structure 
and nutrition of bone in mammals and birds, and showed the 
similarity of the latter to that which appeared to have existed in the 
case of the bones of megalosaurus. He believed that attention was 
first called to these now well-known facis by the late Dr. Bowerbank. 

Mr. Black said he might mention that sections of recent reptile 
bones did not show the analogy so plainly. 

Mr. Stewart thought it most likely that such massively ponderous 
animals as those must have been required as light a structure of bone 
as possible to facilitate their movements. 

George Peters Price, Esq., was elected a Fellow of the Society. 

Knro'0 GOLLBGE, February 6, 1878. 

Anniversary Meeting. — H. 0. Sorby, Esq., F.B.S., President, in 
the chair. 

The minutes of the preceding meeting were read and confirmed, 
a list of donations was read, and the thanks of the meeting were 
voted to the donors. 

At the request of the President, Mr. Cnrties and Mr. Olaisher 
consented to act as scrutineers at the ballot for the election of Officers 
and Council for the ensuing year. 

The Treasurer submitted his Annual Statement of the Accounts of 
the Society, which had been duly audited by the gentlemen appointed 
at the previous meeting. This and the Beport of the Secretaries will 
be found below. 

It was moved and seconded '* That the Beports of the Treasurer 
and Secretaries be received and adopted, and that they be printed 
and circulated in the usual manner." 

The motion having been put to the meeting by the President, was 
carried unanimously. 

The Secretary then read obituary notices of two deceased Fellows 
— Dr. J. B. Bowerbank and Dr. Henry Lawson. 

The Secretary said that as some reference had been made to the 
discontinuance of the ' Monthly Microscopical Journal,' it might be 
well for him to say a few words in explanation of what had recently 
occurred with respect to it. The Council had received from the 
Publisher a notice that, as he had for some time past carried it on at 
a loss, he could not continue his arranprement with them, unless at a 
considerably increased charge to the Society; by this, and also by 
a reduction in the editorial expenses, he thought he might be able to 
make it pay. The Council decided that the terms were such that 
they could not entertain them, for they already paid 201. per month, 
and they had thought that the advantages offered by the Journal — 
especially as regarded information as to foreign microscopical work 
— ^were hardly so great as they ought to be. For many years past a 
wish had been expressed by many Fellows that the Society should 
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pnblifih its own 'Transactions/ and the Ootinoil fully hoped that 
they might be able not only to do this, bat also to giye a good deal 
of other valuable matter relating to microscopical science. 

The President then deliyered his Annual Address to the Society. 

Mr. Charles Brooke begged to propose a vote of thanks to the 
President for the very able Address which they had heard read. It 
was quite clear that in opening up an entirely new branch of micro- 
scopical research, it could only be done in outline ; but so far as he 
could judge, the paper opened out many very important and valuable 
considerations, which were well worthy of their attention. He would 
add to the terms of the proposition the request that the President 
would allow the Address to be printed and circulated with the 
Beport in the usual way. 

Mr. James Glaisher had great pleasure in seconding the motion* 
He had listened with much interest to the Address, which was full of 
facts new to him, and, as the subject itself was a new one, he regarded 
it as one eminently fitted to be brought before the Society upon an 
occasion like that 

The motion was then put to the meeting by Mr. Oharles Brooke, 
and carried unanimously. 

The President said he felt much obliged to the Fellows for tha 
kind manner in which they had received his Address; he feared, 
however, that he had hardly been able to do justice to the subject, 
though he had at least proved that it was far more extensive than 
might at first be supposed. 

Mr. Glaisher then read the following list of gentlemen who had 
been elected as Of&cers and Council for tiie ensuing year : 

Prcwdfin/— *Henry J. Slack, F.G.S. 

Vice-Presidents — Lionel Smith Beale, M.B.; *Charle8 Thomas 
Hudson, LL.D. ; Sir John Lubbock, Bart., M.P. ; and *Henry C. 
Sorby, F.R.S. 

Treasurer — John Ware Stephenson, Esq. 

Secretaries^ChBilQa Stewart, M.B.C.S. ; and *Frank Crisp, LL.B., 
B.A. 

Council — *John Badcock, Esq.; William A. Beviugton, Esq.; 
Bobert Braithwaite, M.D. ; Charles Brooke, M.A., F.H.S. ; *Charle8 
James Fox, Esq.; *William J. Gray, M.D. ; Emanuel Wilkins 
Jones, Esq. ; * John Matthews, M.D. ; Samuel John Mclntire, Esq ; 
John Millar, L.B.O.P.E. ; Thomas Palmer, B.So. ; and Frederic H. 
Ward, M.B.C.S. 

On the motion of Mr. Sorby, the thanks of the meeting were 
voted to the scrutineers for their services. 

Mr. H. J. Slack having taken the chair, said that he was one of 
those who regretted that the office of President had not fallen upon 
a more worthy occupant, but he could only thank them for the 
honour which they had done him, and say that if anything could be 
done by him to advance the interests of the Society, it should not 
be wanting. He would just mention that at their next meeting it 
was proposed to revert to their old practice of a cup of tea. 

* Tboee with an aateribk before their names were proposed as new members. 
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Mr. Sorby said that the Society had done him the honour to elect 
him as one of its Vice-Presidents, but he feared that owing to circum- 
stances he should be unavoidably prevented from attending the 
meetings. The Geological Society had elected him as their President 
for two years, and it unfortimately happened that the meetings of the 
two Societies almost always took place on the same evening, so that 
he hoped it would be understood that his absence from their Society 
was not owing to want of interest in their proceedings, but merely 
because it was impossible for him to be in two places at the same time. 

Mr. Slack said they all appreciated so highly the services of 
Mr. Sorby, that they should certainly regret his absence ; but as it was 
not possible for him to come himself, he could do the next best thing, 
and that was sometimes send them a paper. 

Donations to the Library since November 7, 1877 : 

From 

Nature. Weekly The Editor. 

AthenaBum. Weekly DUto. 

Society of Arts Jonmal. Weekly Society. 

Journals of the Linnean Society Ditto. 

Transactions of the Liimenn Society IHtto. 

Quarterly Journal of the Geological Society Ditto. 

Bulletin de la Socidte Eoyale de Botanique de Belgique .. .. •.. Ditto. 

Bulletin de la Soci^t^ Botanique de France Ditto. 

American Journal of Microscopy Editor, 

Journal of the Qu^ett Club. No. 35 Club. 

The Mineralogical Magazine. No. 7 Society. 

Sur les Mouvements en Apparence Spontanes des Bulles d'air dans 

lesNiveaux. Par G. van der Mensbrugghe, 1877 Author. 

Bulletin de la Socie't^ Beige de Microscope. Two parts Society. 

Smithsonian Boport for 1876 Institution, 

Catalogue of the Diatomace®, with reference to the various pub- 
lished Descriptions and Figures. By Fredk. Habirshaw. 1877 Author. 
Report of Science Conferences* 1876. 2 vol& . . The Science and Art Department. 
Transactions of the International Medical Congress, Philadelphia, 

1877 Author. 

Analisi Microecopica di un Deposito di Diatomee, Del Conte A. F. 

Castracane Ditto. 

Studi SuUe Diatomee, Del Conte Abate Francesco Castracane . . Ditto. 

Popular Science Review. No. 5 Publisher. 

Plroceedings of the Bristol Naturalists' Society, 1877 Society. 

Transactions of the Watford Natural History Society. Three parts Ditto. 
The Progress and Resources of New South Wales. By Ch&B.\Royal Society^ 

Robinson / N.8.W. 

Journal of the Royal Society, N.S.W Ditto. 

Annual Report of the Department of Mines, N. S. Wales. Two 

parts Ditto. 

Biographia Philosophica. By Benjamin Martin Frank Crispj JJsq. 

Sale Catalogue of the Books on Natural History of Sir Joseph 

Banks. By Jona Diyander. 4 vols Ditto. 

Grundriss der Yersteinerungskunde. Von Hanns Bruno Geinitz .. Ditto. 

Opera Omnia. By Francis Bacon Ditto. 

Natural History Review. 3 vols. Ditto, 

A Moller*s improved Diatomaoeen Probe-Platte Adolf Schulse, Esq. 

Mr. Philip B. Mason was elected a Fellow of the Society. 

Walter W. Bbevks, 

Assist.'Secrctary. 
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Examined and found correct, 

W. T. SUFFOLK, \ . ... 

BICHABD T. LEWIS. / ^^'*<^'' 
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The books and instramentB of the Society are in good condition* 
The objects lent for the Exhibition at South Kensington still remain 
there at the reqnest of the authorities. 

The Society's funds reoeived a valuable addition in the shape of 
a legacy of 5001., under the will of 0. Lambert, Esq., which has been 
duly invested. 

Two scientific evenings were held during the year, with great 
success as regards the interest of the objects and apparatus exhibited, 
and the attendance of Fellows. The papers read before the Society 
have folly maintained their reputation by their importance and range 
of subject 
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The following are the more important works presented during the 
year : 

TransactionB of the Linnean Society. 

Some Remarkable Forms of Animal Life from the Great Deeps off the Norwegian 

Coast, part 2nd, by George Sara, from the Author. 
The Royal Society's Catalogue of Scientific Papers, vol. yii., from the Royal 

Society. 
Popular Science Review, from the Publisher. 
Several pamphlets and papers, as well aa the journals of other SocietieB in 

exchange for our own. 

Books Purchased. 

Quarterly Journal of Microscopical Science. 
Annals of Natural History. 
Proceedings of the Royal Society. 
Mycosraphia Icones Fungorum. Parts 4 and 5. 
Sachs^ Text-Book of Botany. 
Proceedings of the Royal Society. 20 yols. 
Sphagnaceffi Britannicae Exsiocatn. By Braithwalto. 

Affabatus, Slidks, &c., Pbesezttid. 

A Binocular Eye-piece, from Mr. Ahrens. 

Fourteen Stained Preparations, from Dr. C. Johnstone, of Baltimore. 
Six ditto of Double-stained Vegetables, from W. H. Walmsley, Esq. 
150 Slides (variousX from the Rev. R. H. Nesbitt Browne. 
An improved Moiler's Diatomaceeu Piobe-Platte, presented by Adolf Schulze, 
Esq. 

APPABATUd PrBOHAaED. 

A \ Immersion and Dry Object-glass. By Messrs. Powell and Lealand. 

Eleyen Fellows haye been elected during the past year. 

Four Fellows haye deceased during the same period, yiz. : 

*James Scott Bowerbank, LLJD., F.B.S., &c., elected January 29, 
1840 ; died March 9, 1877. 

James Lemoine Denman, elected May 18, 1868 ; died December, 
1877. 

Henry Lawson, M.D., elected October 14, 1868 ; died October 4, 
1877. 

William Jackson Bideout, elected January 15, 1851 ; died (?). 
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L — On a New Oardlj Stylaater rieUtdaius ; and Note on 

Tubipora niueiea. 

By Ghablbs Stewabt, F.L.S., Hon. Seo. B.M.S. 

(Bead htfore the Rotal Migbo800PIOal Sooibtt, Jilareh 6, 1878.) 

Plate III. 

The intereBting papers by Mr. H. N. Moseley on the Milleporidas 
and StylasteridiBB,* confirming the view long held by many natu- 
ralists, that the former really belong to the Hydrozoa, and showing 
that the latter (Stylasteridae) should be referred to the same class,^ 
haye giyen specitu interest to a group of corals long remarkable 
for the beantiful permanent colour which most of them present. 
As a probably new species of Stylaster has recently come under 
my notice, I haye thought that a few remarks on it might be of 
interest to this Society. 

I am indebted for the specimen to the kindness of Mr. H. P. 
Potter, who accompanied Mr. Brassey in his recent yoyage round 
the world. It was giyen to him at Tahiti, with the statement that 
it was extremely rare, and only found at one small island in the 
neighbourhood. 

The corallum is of a bright rose colour, especiaUy in the 
younger branches, the older parts being often more pde. The 



DESCRIPTION OF PLATE III. 

FiQ. 1. — Lateral branch of S. stellulatus, showing crowded caliolea, some under- 
going division, x 25 diam. 

„ 2. — Fragment of branch, showing ampnllffi. X 25 diam. 

n S. — Orifice of calide. x 40 diam. 

„ 4. — ^Vertical section of calide, showing canals and style, x 40 diam. 

„ 5. — Fragment of TtAipara musioa, the thecffi have been opened in places to 
show indnded tnbe. x 3 diam. 

„ 6. — ^Fragment of tabe. x 83 diam. 
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branchea are usually qxiite cylindrioal, though occasionally flattened 
at thmr tips; the general appearance being much like that of 
S. sanauinefM^ bnt it has a maer rose tint, and is at once dis- 
tinguished by the minute size of its calides (^V ^^ ^^ i^<^) 
which are usually uniformly and densely scattered oyer the 
branches, a few of which only show them to be more abundant at 
the contiguous edges. Each apparent calide really consists, as has 
been pointed out in the papers already alluded to, of a central cup- 
shaped calyx (which in life bears the alimentary zooid), having an 
opening in its floor from which a large tube passes towards the 
interior of the coraUum : running throughout the whole length of 
the tube is a minutely spined style-like columella whose point 
may be seen in the centre of the hole at the bottom of the calyx. 
Around the calyx and attached to its outer surface is a series 
of from ten to fourteen vertical plates, which, although they so 
closely resemble the septa of an Actinozoan corallum, are really 
only the remains of the coenenchyma which separates the indiyiduiJ 
members of a circle of tentacular zooids that surrounds the central 
alimentary one. The outer border of these plates is attached to the 
surrounding coenenchyma, which is often raised around them so as 
to resemble the theca of an ordinary coral. The edge of this false 
theca is sometimes more raised on the proximal side (nearest fixed 
end of corallum), at other times on opposite sides corresponding 
with tJie plane of the branches, but is absent or slightly developed 
on the larger branches where the axis of the group of zooids is at a 
right angle to the surfiftce. At some depth between each of the 
septa may be seen a small, roimded, brightly glittering, and nearly 
colourless sphsorule attached to the theca; much smaller, but 
otherwise similar ones, stud the larger canals, and are especially 
evident around the opening through which the style projects. The 
general substance of the coenenchyma, although exceedingly hard, 
is permeated by numerous small and branched intercommunicating 
canals which open into the main canals of the alimentary and ten- 
tacular zooids, and also upon the general surface, which is somewhat 
raised between them. They appear as white hnes on the section 
surfsuse, as their interior appears to be covered with an amorphous 
opaque deposit. 

Besides the calicles which give the chief beauty to the coral, 
some of the branches show small rounded or conical elevations 
(ampullsB) of the surfEM^, mostly situated on the non-contiguous 
sides of the branches, the apices of the elevations having one or more 
small perforations. These have been shown by Mr. Moseley to be 
the chambers in which are contained the adelooodonic reproductive 
organs. In some cases the elevation is not marked, altnough the 
bcue is present, which then sometimes has a white spine-like 
process by its side. 
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The nuiaber of the calicles appears to be inereased by fission. 
In the coral the first indication of this is the appearance of the 
points of two styles close together. A bridge stretches between the 
points of the styles. The calide increasing in size first becomes 
oyal, with an increase in the nnmber of septa ; farther constriction 
then completes the separation. I have sometimes seen obscure- 
indications as if at times the calicles might occasionally arise by 
the simnltaneons budding of tentacular and alimentary zooids from 
the surface of the coenoearc. The apparent division of the calicles 
is perhaps really a case of fusion ; this is favoured by the &ct that 
the apices of the stales are directed towards one another. But the 
normal number (thirteen) of the septa is the same in a calicle with 
two styles, and increases with their separation, until, when nearly 
complete, they are usually twenty-six Such an abortion of zooids 
following fusion does not seem probable. 

The chief points in which the corallum of this genus differs from 
that of the Actinozoan corallum, which it in appearance so closely 
resembles, are — 

That it is secreted by the ectoderm. 

That it is permeated by anastomosing canals, which are traversed 
by tubular prolongations of the body wall corresponding either 
with the hydrocaulus or hydrorhiza of other hydrozoa (reminding 
one of the hydrorhiza of Antennularia). 

That the caUdes are groups of chambers, the central one for 
the alimentary, the marginal ones for the tentacular zooids. 

That the septa ore the remains of the coenenchyma between the 
tentacular zooids. 

And that the theca is but the elevation of the coenenchyma 
around the group of zooids. 

Although many descriptions of the corallum of TMpora 
musica have been given, I have not seen a notice of a peculiar 
feature which I have found present in nearly all specimens 
examined, but which is pcuiicularly marked in one in my own 
possession. This feature consists in the presence of a second tube 
averaging about one-third the diameter of the including theca. It 
is very delicate, and of a pale rose colour ; its thin perforated walls 
appear to be composed of numerous branched flattened spicules 
having a fibrous texture. The tube is generally connected with 
the theca at the points where the plates of connecting coenenchyma 
are found, either by spreading out here into a funnel-like end or 
by tubular branches. 

In the absence of soft parts, one can only speculate on their 
real meaning. It seems possible that by them a communication 
might be kept up between the body cavities of the living zooids on 
the surlaoe of the coraUum and the canals in the tables of coenen* 
chyma, from which budding often takes place. The remains of the 

£ 2 
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mesoderm and the endoderm haying shmnk away from the theca, 
where its vitality had been lowered. It has been suggested to me 
that they might be caldfications occurring in the lower border of 
the stomach (the secondary tnbes corresponding with this in 
diameter), but the branched mode of termination frequently seen 
does not Ua compatible mth this. 
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IL — An Easy and Simple Method of Besolving the Finest-lined 
Balsamed Diatomaceom Test^ hy transmitted Lamplight, with 
special reference to Amphipleura pellucida. By Adolf 
SoHULZE, Glasgow. 

(Bead he/ore the Rotal Micboscopioal Society, March 6, 1878.) 

The resoluidon of the finest-lined tests, and especially of the mark- 
ings of Amphipleura peUudda, is at all times a matter of some 
difficulty, and requires for its accomplishment the best objectives 
and the most carefiil arrangement of the illmnination. It is gene- 
rally asstmied that the resolution of the closest markings on diatoms 
is mr more difficult when they are mounted in balsam than when 
they are mounted dry, and with the ordinary means of illumination 
this appears to be indeed the case ; but I purpose to describe a 
simple method by which even so small and closely striated speci- 
mens as Nob. 18, 19 and 20 on Holler's Diatom-Frobeplatte, and 
other still finer valves, having about 100,000 lines per inch, may 
be easily and unmistakably resolved into distinct strisB by lamp- 
light, and which by sunli^nt yields so excellent results that I can 
oidy compare them to those admirable photographs of Amphi- 
pleura peUxAcida taken by Dr. Woodward. It must, however, be 
l)ome in mind that the ridges constituting the markings of these 
minute diatoms mounted in balsam, possess a minimum of substance, 
and being extremely transparent, cannot throw hlack shadows such 
as those of the larger and coarser frustules, and that if the field 
were too brilliantly illuminated these infinitesimal shadows would 
be totally obliterated. Some people may be inclined to think that 
the markings shown as alternate grey and white lines are only 
faiiitly resolved; but microscopists whose eyes are cultured by 
obsellrvations on diatoms will readily admit such a resolution to be 
perfect, provided no spurious qr coloured lines make their appear- 
ance, and they will grant that this is all which can be expected to 
be seen under the most favourable circumstances. 

The best dry achromatic condensers, and even Powell and 
Lealand's supplementary stage and small plano-convex condenser, 
fedl, as far as I know, to aid in the resolution of balsamed specimens 
of A. peUucida ; and those few observers who have succeeded on 
this difficult test by lamplight have not published any accounts of 
their modes of illumination. 

In an article on the Immersion Paraboloid and the Beflex 
Illuminator, which appeared in the ' English Mechanic ' of 7th 
December, 1877, Mr. F. H. Wenham claimed as one advantage of 
the latter over the former that it would give a dark ground on 
balsamed objects even when they were viewed with immersion 
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lenses. This statement I cannot but consider as only partially 
correct ; and I would like to divide immersion objectives according 
to their behaviour with the reflex illuminator into three classes : 
Istly, those which give a dark ground ; 2ndly, those which give a 
grey ground; and 3rdly, those wide -angled immersion lenses 
which are capable of giving a light ground, and which alone are 
suitable for the method I am about to describe. 

Some time ago, whilst trying Wenham's reflex illuminator 
and Powell and Lealand's | new formula immersion lens by 
unmodified sunlight on MoUer's Probeplatte, I foimd on lower- 
ing the condenser that the field became brightly illuminated by a 
spectrum. I focussed for one of the larger diatoms, and found it 
bathed in spectral colours, which impinged on it very obliquely, 
and which oiought out the markings very distinctly. Bringing 
successively the finest diatoms of the Platte, such as Navtctda 
crcudnervia^ Nitzsehia curvtdoj and Amphipleura peUuoida in the 
field, I found all their cross markings revealed with wonderful dis- 
tinctness, the last-named diatom appearing like a fine comb. 
These cross markings, for which I had been looking for years, and 
which had baffled all my efforts to show them, appeared now all at 
once distinct enough to be counted, and were entirely free from 
spurious and coloured fringes. I then tried the so-called 
Edmund immersion parabobid in the same way, and found that 
by its means similar but not so satis&ctory results could be ob- 
tained. The secret of my success was that I had used castor-oil 
instead of distilled water to unite the top of the reflex illuminator 
with the under side of the slide, and the former being a thicker 
fluid than the latter, allowed me to obtain that range for focussing 
the illuminator which is necessary to obtain light ground. I then 
experimented with lamplight, and found that the more powerful 
the light the more distinct the striaa appeared, and that the Dal- 
linger lamp gave the best results ; but that even by the light of a 
lamp having a wick of only half an inch broad, the markings were 
plainly shown. The illumination obtained in this way, unmodified 
sunlight included, has the advantage of not being by any means 
intense enough to be painfril to the eyes, and as required, any of 
the colours of the spectrum may be used without the slightest 
difficulty. The blue and violet rays are especially agreeable to the 
eye. The light becomes mo3t dispersed when the narrow side of 
the wick is used, and when the rectangular prism is turned a little 
on its vertical axis so that the rays do not &31 quite perpendicu- 
larly on one of its sides. 

Finally, I will give a few practical instructions for this 
method. 1 place the lamp to the leit, and when using the ordinary 
form of Moller s Probeplatte, or a slide having a balmmed valve 
of A. pdlucida lying horizontally on it, I turn the reflex illu- 
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minator so that its polished off face looks as it were to the right, 
the edge of the wick &cin^ the mirror or rectangular prism at 
the tau- piece. After havmg racked up the reflex illuminator 
nntil its plane top is level with the stage, and after having 
centred the dot by means of a |-inch objective, I put a few 
drops of castor-oil, or better, of glycerine, which is easier cleaned 
off b^ water, on the top of the illuminator, taking care that 
no air-bells are formed, and that none of the fluid flovrs down 
the polished off face. I then illuminate as for dark ground, and 
focus for the object, generally first for one of the larger diatoms 
on the Platte, using of course one of those large-angled immersion 
lenses which I classed among No. 3. By lowering the reflex 
illuminator or the immersion paraboloid from the one-twentieth to 
the one-thirtieth of an inch, the ground becomes, light, the red 
appearing to the right and the blue of the spectrum to the left of 
the field. By a little more focussing of the condenser and adjust- 
ing of the mirror or rectangular prism, or by altering the position 
of the flame slightly, the best result is soon obtained. I invari- 
ably use the edge of the flame for throwing light on the mirror 
or on the rectangular prism, and often I remove the latter alto- 
gether and place the flame in the axis of the field lens of tiie 
reflex illuminator. A white field is best obtained in this VTay. 
Sometimes I place the microscope horizontaUv on a pedestal £rom 
4 to 6 inches high above the level of the table, and I find this a 
very convenient position for observing. By interpolating a bull's- 
eye condenser, convex side towiurds name, and by using the broad 
side of the wick, the prismatic colours disappear and the field 
becomes white. By turning the microeoope a little to the right or 
to the left on its vertical axis the best illumination is often very 
easily secured. The light from the reflex illuminator should £ei11 
under an angle of about 6° against the midrib of Amphipteura 
peB 'cida. 

The reflex illuminator may also be used for the resolution of 
lined tests by transmitted l^ht, especially sunlight when the 
objects are mounted dry and on the cover. In this way the lines 
on Amphiplev/ra peUucida can be shown beautifolly. I have also 
found that by transmitted sunlight the reflex illuminator may be 
used for the resolution of either balsamed or dry lined tests 
mounted on cover, vrithout the use of any liquid medium whatever 
between the top of said api)aratus and the under side of the slide. 
13ie value of tnis method is not confined to lined djatomaceous 
tests, but may become of great service for biological and other 
researches. 

The immersion objectives, with which I have succeeded in 
resolving the finest specimen of Amphiplewra peUucida in balsam 
were those of Powell and Lealand*s on the new formula^ the one- 
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quarter inch inclnded, Tolles', and a series of Zeiss' from the one- 
eighth to the one-twentieth inch. I find that a power of about 
600 diameters is requisite to separate the markings sufficiently, 
and that with a power of 1000 diameters they become quite visible 
to anyone, even on the finest specimens, some of which have 
resisted all efforts on the part of some of the best manipulators to 
resolve them. I also find a Boss's Eelner eye-piece very useful 
for this purpose, as it gives plenty of hght. 

Mr. w enham's ingenious reflex illuminator, whether if used for 
the ptupoee it w>b originaUy oonstaioted, viz. for dark gronnd, or 
whether if put to what one might call its illegitimate use, viz. 
for light ground, becomes therefore one of the most powerful 
means of resolving lined tests mounted in balsam. 



in. — On a New Opereulaied Infusorian from New Zealand. 

By P. "W. HniTON, Profeesor of Zoology in the UniTemty of 

Otago. 

{Bead be/on the BoYAL Hicbobcofical Socrarr, March 6, 1876.) 

Im the 'Monthly Hicioecopical Jonrual' for 1869, vol. i. p. 289, 
Mr. W. 8. Kent described, under the name of Coikumia opereu- 
ligera, an infiifiorian beorlDg an opercnlnm. I^st Kovember, in a 
frosh-water lagoon near Dnnedin, I found a very Bimilar form in 
considerable abundance. The New Zealand Bpecies, however, differs 
&om C. opercidiffera in having the pedicle mneh shorter than the 
loiica, and in the aperture of the lonca being obliqne. 
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Id adolt specimena the lorica ia of a deep cheetnnt bnnm, and 
Dpaqne; it ia generally more or leea crumpled, bnt sometimes 
smooth. The aperture is round, entue, and olliqne to the axia 
(^ the lorica. The avenge length of the lorica is sins'. The 
opercolnm (a) is circnl&r, the same aize as the aperture, and of 
toe aame colour as the lonca ; it is attached to tne animal just 
below the peristome, on that side tow.irda which the aperture 
slopes. The pedicle is transparent, ve y short (one-eixtb the 
length of the lorica), or occasionally absent ; it is attached at ita 
proximal end to the conferva, on which it livee, by a circular disk 
of about the diameter of the lorica, and of the same brown colour. 
The animal is colourleea, considerably smaller than the lorica, and 
attached at the base without any stalk. The contractile veeicle is 
central. The peristome is surrounded by a moderate number of 
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rather long cilia, which ] 
fnlly expanded. Inside 
which are once diyided, li 
two are situated just abc 
side of the peristoma 
cally at uncertain intervi 
internally to these are i 
stantly actiye both when 
withdrawn into its sheatl 

In the yonng the lari 
operculnm until the lories 
to grow, but does not q 
lorica has become quite d 
lorica. 

I propose to call this 
fork-li&e cilia. The likei 
moss is remarkable. 



1 



i 



( 51 ) 

ly. — On a Larffe-angled Immersion ObjecUve^ without Ad" 
justment Collar; with some OhservcUiona on "Numerical 
Aperture."* By John Wabb Stephenson, F.BJu8., ♦and 
Treasurer of the Boyal Microscopical Society. 

(^Becut before the Botal MiCBoeoopicAL Socibtt, April 3, 1878.) 

In the use of the microscope few things are perhapd more difiScnIt 
than the effective appUcation of the adjustment collar of a large- 
angled modem objectiye. 

Not only is me best point of correction difficult to attain, but 
in too many cases, either because the covering glass is too thick or 
too thin, the slide is not smtable, and it is impossible to do justice 
to the probably otherwise excellent quality of the lens. 

In &ct, so indeterminate is the best point, that an objective 
thrown out of adjustment would seldom be brought back to the 
identical number on the scale, if readjusted, by any ordinary 
observer, even on a well-known object 

If this be so, on an object with which one is famih'ar, how much 
more difficult must be the examination of an object the structure 
of which is perhaps wholly unknown. 

Such considerations suggested to the writer the great de- 
sirabiUty of constructing an object-glass in which cover correction 
could be entirely dispensed witL 

The origin of the correction collar as shown by the late Andrew 
Boss, was the imperative necessity of compensating the error 
arising from the difference between the refractive index of the 
covering glass and that of the air between the front of the lens and 
the thin cover, whenever a high power was used. 

Now it is evident that if some fluid, of which the refractive and 
dispersive powers are the same as those of the covering glass, were 
substituted for air in the intervening space, the end in view would 
be attained. 

If, then, such a medium could be found, with, as I said before, 
optical properties identical with those of the thin cover, it follows that 
as the distance between the front lens of the objective and the under 
side of the cover (or the object adhering to it) must, of necessity, be 
always the same ; that is to say, as a thick covering glass would 
requure a thin AItti of the proposed immersion fluid, and conversely 
as a thin cover would require a thicker layer (one, in fact, being 
the complement of the other); the two together would have a 
constant value, which would be exactly equal to the focal length of 
the objective. 

From this point of view the writer suggested to Professor Abbe 
the possibility and desirability of the construction of a combina- 
tion satisfying the conditions named, and that gentleman with 
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characteriBtic energy at once appUed his great knowledge to the 
solution of the problem, and with complete sncoess. 

He informed me that he had already from another point of 
•view considered the propriety of using a more highly refractive 
medium than water for ** petrographic " work (Diinnschliffe), as 
the thin plates of minerals ordmanly used for microscopic inspec- 
tion are generally so roughly cut and insufficiently polished that 
their obseryation with high powers is very difficult, if not im- 
possible. 

The more general problem of coustructing an objective in which 
the necessity for correction, by an alteration of the distance between 
the lenses, could be entirely dispensed with, was the more attractive 
to the Professor as the use of a more refractive medium than water 
enabled him to deal with higher apertures, without loss of definition, 
than had hitherto been attained. The result of his calculations was 
the construction by Mr. Zeiss of an obiective of excellent quality, 
satisfying the conditions named and having a balsam angle of 
113°= 1 • 25 of " numerical aperture " ; an aperture which is, if I 
mistake not, larger than any tnat has been hitherto produced, and 
one which coincided exactiy with the theoretical value given by 
Professor Abbe s formula. But here an unexpected difficulty arose: 
it had been assumed by Professor Abbe and myself that amongst 
the numerous fluids suitable for use, there would readily be found 
some, pure or mixed, which would give exactly the same refraction 
and dispersion as crown glass ; this, however, proved not to be the 
case, and the difficulty was not overcome until he had tested no 
less than sixty-three different oils, and nearly thirty other fluids : 
he at length ascertained that oil of cedarwood,* although not 
absolutely identical with crown glass, was admirably adapted for 
the purpose, giving perfect definition with oblique light, but, for 
central light, being improved by the addition of one-fourth or one- 
fifth of oU of fennel seed {01. FoenicuU). With central light the 
difference between the spherical aberration of the green and red 
lajVH gave, when pure cedarwood oil was used, too much colour, 
wnich was corrected by the addition of a small quantity of the 
more highly dispeisive fluid. In the course of these numerous 
experiments it was found that the tables given by Brewster and 
m)llaston were very unreliable, nearly all the refractive indices 
given by those authors being considerably too high, and most of 
tiie dispersion values too low. As it is probable that further 
research may still result in finding a more perfect medium than 
that now used, I may mention that Proi'essor Abbe determines the 
suitabiUty of a medium by using a bottle, the sides of which are of 
parallel pkte glass, and to whose stopper a small prism of crown 

* The asphalte yarnish on the slides can be protected from the dissolving 
aotion of the oil by a coating of sealing-wax varnish or gold sisse. 
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glass has been fixed. By plnnging the prism into the fluid, the 
refractiye and dispersive properties of an^ oil or mixture of oils can 
be determined and adjusted oy simply viewing the bar of a window 
through the liquid and the prism. 

The qualities of the new objective may be thus briefly de- 
scribed : — 

1. There being no aberration to correct for varying thickness 
of cover-glasses, there is no collar adjustment. For thick covers, 
say 0*008 to 0*009. the ordinary length of 10 inches gives the 
most perfect definition; for thin covers, say 0*004, a length of 
12 indies is perhaps better. But the d^erence is so very slight 
that it is scarcely necessary to use the draw-tube. 

2. It has 9 balsam angle of 113^ = 1 *25 numerical aperture, 
which renders it extremely sensitive in focussing, and also indi- 
cates the highest resolving power hitherto attained. 

3. It has a large workmg distance.. The distance between front 
of lens and object is 0*02, which gives a working distance of 
* 012 for * 008 cover-glass, * 016 for * 004 and so on. 

4. Its power is rather more than one-ninth, and having com- 
ponent lenses throughout the combination, larger than in other 
objectives of the same power, it transmits more light, the latter 
qimhty being enhanced by a diminution in the reflection of the 
peripheral rays. 

5. It bears very deep eye-pieces and has a flat field. 

Lastly. An essential condition to its perfect performance is that 
if the object be dry, it must be mounted on, or nearly touch, the 
cover, or if not a dry object, that it be mounted in some medium 
having approximately the same refractive index as the oU, such as 
Canada balsam, &c. 

The special advantage of this objective for petrographic work 
is, that the oil used, havmg very nearly the refractive index of the 
objects to be examined, renders cover-glasses and highly polished 
surfaces unnecessary ; the minerals, if sufficiently translucent, can 
be observed through a considerable depth, say ^V of an inch, and, 
on the assumption of identity of index, every plane, from the sur- 
face downwards, will have the same perfect correction. 

To a certain extent the latter observation applies to all trans- 
parent objects mounted in balsam, as the thickness of the balsam 
above the object may be looked upon as equivalent to a thicker 
cover, and the penetration must therefore be considerable, although 
the latter quality will be still greater in the smaller-angled 
objectives constructed on the same principle, which will heresdter 
be made. 

Professor Abbe, writing to me on the objective, says : — " The 
advantage of the greater aperture is shown in a most striking 
manner on Plewrosigma angvlatvm, when observed by very oblique 
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light. This diatom motmted dry with the frastales adhering to the 
coyer is seen in quite a new aspect ; hj causing the pencil of light 
to faU at right angles to the axis of the yalve (or more generally 
parallel to any of the three ordinary lines). It then presents at the 
portion adhering to the thin glass cover white rectangular fields, 
separated hy dark broad beams, alternating from row to row, paler 
lines crossing the white space between the black bands which are 
thus joined ; the ratio of the length of the rectangular division 

comprised between the dark bands being to the width as 2 : \/3." 
ThiB unusual image results from the entrance into the field of 
a new set of diffiacticHi images, or rather, of one (say h) of the 
twelve more distant difihiction images surrounding the six spectral 
images (hyC,dyeyfyff), which are always visible on Angulatum 
(with an objective of moderate aperture and central light), on 
removing the eye-piece and looking down the tube,* the dotted 
circle in the figure indicating the appearance of the field with 
central, as the darker ring does that of oblique light by which the 
more distant spectrum is admitted. 

o o^^p^ c 

o o ^^vA-^ o c 
o o 'qIjD'' c o 

O O O o 

With Ught of the utmost obliquity on this diatom, a moderate 
angle admits only two (say b^ c), or at most three, of the spectra of 
the first order, the more distant spectrum (say A), or at least its 
light-giving rays, being inaccessible. 

This is the case also with the oil immersion lens on that part 
of the valve on which a film of air intervenes between it and the 
glass cover : under such circumstances the aperture is reduced to the 
maximum air-angle of 180^ = 1 numerical aperture ; hence, on the 
parts not in contact with the cover the ordinary hexagonal markings 
alone are usually seen, but with great brilliancy and distinctness, 
with either central or oblique light. 

Further, Professor Abbe states that on Frugtulia Scuumica the 
fine parallel longitudinal lines described by Mr. Hickiet are seen by 

* * Monthly Micro. Jonrnal/ toI. xvii. p. 82. 
t Ibid., vol. xiy. pp. 32 and 274 ; vol. XT. p. 122. 
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using an fllominating pencil of extreme obliquity, incident at right 
angles to the axis of the valve, and a '' perfect network," sharp 
and distinct, when the incident ray from a paraffin lamp is in- 
clined at an angle of about 45° to the longitudinal and transverse 
strisB. 

The more easy test 'of AmpMpleura peUiieida on Moller's 
Probe-Platte is readily seen, bnt as this diatom is in balsam an 
** immersion condenser " is of course necessary ; that nsed by me 
is a non-achromatic triplet of 138° balsam angle = 1 ' 40 of numerical 
aperture, made for me by Mr. Zeiss, under rrofessor Abbe's direo* 
tions ; but I find that another non*achromatic condenser of very 
large angle, which I have used for many years, is perfectly effective 
when similarly attached to the slide by a drop of water or oiL 

The preceding observations, in which the expression *' nume- 
rical aperture " has been more than once adopted, not unnaturally 
leads to some remarks on the more common measure of " a^rdar^ 
aperture. 

It has long been evident that the time has arrived for a more 
rational definition of the resolving power of a microscope than 
that now in use. Even before the introduction of immersion 
objectives, the expression *^ angle of aperture ** was deceptive as an 
indication of resolving power, inasmuch as resolving power is {)ro- 
portional to the sine of the semi-angular aperture of the objective, 
and not to the angle of aperture itself; and it is needless to 
dwell on the fact, that having regard to the small progressive 
increase in the sines of large angles, the ratio of resolving power 
can bear no proportion to the mere number of degrees. 

But, since the invention of the immersion system, the present 
measure has become still more objectionable ; it not only fails to 
give the relative resolving powers, but suggests apparent differences 
where there is no essential difference, and gives an appearance of 
identity where none exists. 

In the last number of our 'Transactions,' a paper, by Mr. 
Zeiss, on Abbe's Apertometer, explains the meaning of the expres- 
sion '' numerical apertura" 

Briefly stated, it is equal to the product of the refractive inde» 
of the medium in front of the objective, multiplied into the sine of 
the semp-angular apertwe = n sin. w. 

This definition of '^ numerical aperture" offers at once a means 
by which all objectives, whether dry, water, or oil immersion, can 
be directiy compared. It is based on the theory whence Professors 
Abbe and Helmholtz deduced the limit of visibility. 

The wave-lengths of the various coloured rays composing the 
diffraction spectrum being shortened on entering different media 
in front of the objectives, in the ratio of their rei^)ective indices of 
refraction, affords one of the most complete, as it is one of the most 
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beantifal^ explanations of the great resolving power of immersion 
lenses. Hhe difiraction spectra arising from tne stmctnral pecnU- 
arities of the object, on the exact superposition of which the resolving 
power exclusively depends * are by the retardation brought nearer 
to the illuminatmg pencil; the invisible portion of the spectrum 
becomes luminous, and the blue and violet assume the colours of 
the less refrax^tive or Ught-giving rays, and thus the surrounding 
spectral images, being thus drawn together, or, if I may use the 
expression, are so shrunk in, as to be admitted into the apparently 
reduced aperture of the objective. 

Thus the angle of the oil immersion lens which I have endea- 
voured to describe, being 113^, gives a semi-angular aperture of 
56^^, of which the sine is 0*839, which, multiplied by 1'50, the 
re&ustive index of the oil, gives a '' numerical aperture " of 1 ' 25 ; 
hence we see that we have in it a resolving power exceeding the 
possible limit of a dry lens (sin. 90 = 1) by no less than 25 per 
cent. 

This numerical aperture of 1*25 is, however, as I have said 
before, effective to the full extent only, on condition that the 
refractive index of the medium in which the object is mounted is 
not less than 1*25; but if a dry object adhere to, and is in 
physical contact, with, the thin glass, the resolving power will be a 
mean between 1 and 1 * 25 = 1 * 125, i. e. a mean between the 
maximum resolving powers in air and in ,balsam. 

Hence it will be seen that the resolving power of an immersion 
objective is greater on an object in balsam than in air, if its '' nume- 
rical aperture" be > 1 ; provided always that the d^erence in the 
refractive indices of the object observed and the medium in which it 
is mounted is sufficiently great to render the diffraction images 
bright enough for observation. 

In conclusion, I beg to tender my warmest thanks to Dr. Abbe 
for the prompt, efficient, and extremely kind manner in which 
he responded to my appeal, as by his ability alone my idea has 
been carried into effect, and the use of high powers rendered 
more iaxsle and therefore, as I hope, more popular. 

* Dr. Abbe's article in Schnltze's * Archiv Mikroecopisohe Anatomie/ vol. iz. 
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V. — The Structure of the Coloured Blood-eorpuseles ofAmphiuma 
iridactylum, the Frog, and Man. By Dr. H. D. Schmidt, 
Pathologist of the Ghtuity Hospital, New Orleans, La. 

{Taken at read hrfore the Rotal Mioboboopioal Society, AprU 3, 1878.) 

Plate IV. 

NoTwrmsTANDiNa the nnmerons inyestigations which have been 
made for the purpose of determining the tme structure of the coloured 
blood-corpuscles, the views on this important subject, it appears, are 
still varying, leaving it an object n)r further research and dis- 
cussion. 

Formerly, these bodies were almost universally regarded as true 
cells, consisting of a cell-membrane, enclosing the protoplasm ; and 
this view was entertained of the round bi-KX)ncave non-nucleated 
blood-disks of the blood of the Mammalia, as well as of those ellip- 
soidal nucleated bodies met with in the blood of other classes of 
vertebrated animals. 

EXPLANATION OF PLATE IV. 

In order to enable the reader to compare the relative sizes of the blood- 
oorpusdee discoBBed in the paper, all figures, with the ezoeption of 45, 46, and 
47, have been represented enlarged by the same magnifying power, viz. 420 
diameters. 

Fig. 1. — ^Front view of a ooloured blood-corpnsole of Amphiwna iridactylum. 

Fig. 2. — Side view of the same. 

Figs. 3 to 12. — ^Various forms of oolonred blood-oorpuscles of the Amphioma, 
produced by spontaneous contraction of the protoplasm. 

Fig. 13. — Representation of a coloured blood-corpuscle of the Amphiuma, the 
membraneous layer of which has burst; a, colourless protoplasm exposed to 
▼iew ; 6, membraneous layer (coloured! 

Fig. 14.>-Fragment of a coloured blood-corpuscle found in the fresh blood of 
the Amphiuma. 

Fig. 15. — Coloured blood-corpuscle of the Amphiuma, enclosing minute 
crystala 

Fig. 16. — Another, enclosing vacuoles. 

Fig. 17. — Another form of vacuoles. 

FiGB. 18, 19, and 20. — Coloured blood-corpuscles of the Amphiuma, treated 
with water. 

Figs. 21 and 22. — The same, with their nuclei escaping through a rent in the 
membraneous layer. 

Fig. 28.— Nuclei, escaped from the corpuscles, with their contents escapiog 
through a small rent in their enveloping membrane ; a, the contents escaping in 
the form of a small sphere ; 6, the same, after having been treated with a weak 
solution of chromic acid ; c, the contents escaping in we form of a cone. 

Fig. 24. — Singular appearance of a colourod blood-corpuscle, treated with 
water, and subsequently with a weak solution of chromic acid. 

Fig. 25.--Coloured blood-corpuscle of Amphiuma, treated with chloroform 
Tapour. 

Fio. 26.^0oloured blood-corpuscle of Amphiuma, treated with chloroform 
liquid. 

Fig. 27. — Coloured blood-corpusole of Amphiuma, treated with diluted acetic 
acid. 

VOL. L F 
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A ntunber of years ago, histologists began to deny the existence 
of an enveloping membrane in the coloiued blood-corpuscles, and 
maintuned tnat the latter consisted of protoplasm only, united with 
a oolonring material, the heemoglMn. In support of this view, 
they referred to the bi-concaye form of the blood-corpnscles of the 
Mammalia, and also to the great elasticity which all blood-corpnscles 
show they possess in assuming almost any form to adapt themselves 
to the various curvatures and angles of the smallest capillary vessels 
through which they have to pass ; properties which could not be 
possessed by a vesicular body. The behaviour of the blood-cor- 

Susdes towards various reagents, and finally, the impossibility of 
emonstrating this enveloping membrane, were also adduced to 
prove its absence. 

But while these histologists, by denying the existence of an 
enveloping membrane, were endeavouring to make the structure of 
these Slood-corpuscles appear of a more simple nature, others, espo- 
cially in Germany, propounded theories, according to which the 
construction of these bodies appears quite complex. 

In explanation of the various phenomena manifested by the 
coloured blood-corpusdes, several hypotheses regarding their struc* 
ture were advanced from time to time. Thus Bollett, denying the 
existence of the membrane, looks upon them as mainly conosting of 
a certain stroma, to which they owe their peculiar mechanical pro- 
perties.* This view is based upon the examination of the colourless 
remains of the blood-corpuscles of the guinea-pig, horse, and dog, 
which he deprived of their colouring matter by a peculiar freezing 
and thawing process. Euehne, anower opponent of the membrane, 
strongly endorses the view of BoUett. 

ibiother well-known hypothesis, founded upon certain appear- 
ances observed on the blood-corpuscles of tiie Triton, afi«r having 
been treated with a 2 per cent, solution of boracic acid, is that of 
Bmecke. According to it, the nucleated blood-corpuscle consists 
of two parts. The one of these, representing a porous body, of a 
motionless, very soft, colourless, and transparent substance; the 
other a living organism, the central portion of which forms the 
nucleus, filling up the pores of the former, and, with the exception 
of the colourless nucleus, containing the haemoglobin. The colour- 
less porous substance, Bruecke named oikoid, the other part zootd. 
By tne contraction of the latter from the former, he tries to explain 
the occurrence of those appearances observed on the blood-corpuscles 
of some Amphibia^ consistmg in the entire or partial retraction of 
the coloured contents upon the nucleus, and assuming in the latter 
case the form of a star, as represented by Bollett, on p. 286 of 
Strieker's * Handbuch der Lehre von den Geweben, &cJ 

This hypothesis, fiancifnl as it is, does not explain the pheno- 

* Kuehne, * Lehrbuch der Phynolog. Chemie/ p. 190. 
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menon mentioned, nnleas the supposed pores represent oonical 
tube? radiating from the centre toward tne peripnery. But as 
these have never been seen, of whatever shape they might be, the 
hypothesis has no foundation of observed faets to rest upon. 
Nevertheless, it has been received as the trae theory by a number 
of histologists. Even Strieker has adopted this theory with a 
alight modification. 

Hensen,* in observing the above-mentioned phenomenon, ex- 
plained it as caused by the protoplasm of the coloured blood-cor- 
puscles, collected around the nucleus and upon the inner surfiace of 
the cell-membrane (which he presupposed to exist), and connected by 
delicate fikments, ladiatmg from the nucleus to the membrane ; the 
interspaces left between the filaments contain the coloured liquid 
contents of the cell 

A similar theory, regarding the structure of the coloured blood- 
eorpusdes of the Frog, has been advanced quite recently by Eoll- 
mann.t He also presumes the existence of a stroma, formed by a 
dense network of delicate filaments, extending from the nucleus to 
the transparent, elastic, enveloping membrane ; the interspaces left 
between the filaments he supposes to contain the hasmoglobin. 
The characteristic form of the blood-oorpnsdes he supposes to be 
only possible by a certain degree of tension in the albuminous 
filaments of the stroma. An excessive contraction of the filaments 
is counterbalanced by the h»moglobin contained in the interspaces. 
The coloured blood-corpuscles of the Mammalia also, have, accord- 
ing to his view, such a stroma. 

Laptschinsky,t judging from the effect of different reagents 
npon the coloured blood-corpuscles of Tritons and Man, supposes 
them also to consist of two different substances. The one of these, 
designated by him as the *' rest of the blood-corpuscle," is soft and 
elastic, and assmning mostly a round form, possesses in general all 
the properties of the so-called ''stroma" of these homes. The 
second substance becomes under the microscope only visible when, 
by the effect of different reagents, it is made to swell or preci- 
pitate. 

Still other hypotheses concerning the structure of the coloured 
blood-corpuscles 9aA the phenomena which they manifest, have been 
advanced ; but as this article is not intended to present the history 
of these bodies, I shall forbear mentioning them. 

In the course of the numerous investigations into the nature of 
the coloured blood-oorpusdes, especially of the larger ones, con- 
taining a nucleus, thev have, of course, been treated in various 
ways — mechanically, cmemically, and physically; and there re- 

* Strieker, *■ Handbuch der Lehre von den Geweben/ p. 295. 

t Yirchow and Hirsch, '• Jahresbericbt, kc* fQr das Jahr 1874, band i. p. 49. 

X Loc, cit^ p. 49. 
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mainB hardly a chemical reagent, liquid or gaseous, to the influence 
of which they have not been subjected. Heat, moisture, as well as 
electricity in its different forms, have been applied. The changes 
occurring in their substance by the action of all these reagents, 
have been closely watched, and many deductions relating to their 
structure have been made. 

An enumeration of the most important of these experiments will 
be found in BoUett's article " On the Blood," in Strieker's ' Hand- 
buch der Lehre yon den Geweben, &c.,' as well as in other treatises 
on this subject. But it is certainly strange that while great im- 
portance has generally been attached to the various changes 
occurring in the form of the blood-corpusdes by the action of the 
particular reagent (which, after all, are only due to a contraction 
or coagulation of their protoplasm), the dovhle contour of these 
bodies, the only proof of the presence of a membrane, whether pre- 
existent or artificially produced, is scarcely mentioned, and appears 
to be generally overlooKed or ignored. 

In my treatise '' On the Origin and Deyelopment of the Coloured 
Blood-ooipuscles in Man," published in the February number, 1874, 
of the *^ Monthly Microscopical Journal," I made some casual remarks 
in reference to the fine double contour observed in the human 
coloured blood-corpuscles after being deprived of their colouring 
matter by the simple action of that most neutral agent, water. On 
these siomcUa, then, as Bollett would call the altered corpuscles in 
question, a delicate double contour is always detected by dose 
inspection. In directing attention to this double contour, however, 
I do not presume that its presence indicates a pre-existing true 
cell-membrane. But, as I have remarked in the above-mentioned 
article, I do suppose that the coloured blood-corpuscle of Man at 
maturity undergoes a slight condensation on its surface in the form 
of a thin layer or pelhcle, which, resisting the solvent power of 
water, finally appears in the form of a doxfble contour. To these 
conclusions, E. Bay Lankester had also arrived, from a series of 
observations which he made on the coloured blood-corpuscles, with 
regard to the action of ^ases and vapours. The results of these 
observations were publioaed in the October number, 1871, of the 
' Quarterly Journal of Microscopical Science.' ** The red blood-cor- 
puscle of the vertebrata," he says in his summary, " is a viscid and 
at the same time elastic disc, oval or round in outline, its surfistoe 
being differentiated somewhat firom the underlying material and 
fom^g a pellicle or membiane of great tenacity, not distin^ish. 
able with the highest powers (whilst the corpuscle is nonuai and 
living), and having no pronounced inner limitation." 

lankester, therefore, regards the coloured blood-corpuscle as a 
viscid and elastic disk, which of course implies that its substance is 
homogeneous or without structure ; he further supposes its sur£M)e 
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to be differentiated fixnn the rest of the body, forming a pellide 
or membrane, though of no pronoonced inner limitation, and nn- 
distingniahable by the microscope. The latter is tme with regard 
to the small, bi-concave blood-corpnscles of the Mammalia ; in the 
large, oyal, nucleated corpuscles of the Amphibia, howeyer, the 

femcle, as we shall see hereafter, may be readily demonstrated, 
n the fresh blood of this class of animals we frequently meet witih 
specimens of blood-corpuscles, on which, by -a contraction of the 
protoplasm representing the greater portion of the whole body, 
the pellicle in question appears separated from the latter, thus 
manifesting its existence. Lankester himself mentions this fact 
(p. 368), and gires a representation of the specimens in Fig. 2, a. 
With due deference to the hypothesis of Bruecke, however, he calls 
the contracted protoplasm enclosing the nucleus, the zooid^ and the 
separcded envdomng pellicle, or membrane, the oihAd, Now, as 
fftr as I am able to. tmderstand the hypothesis of Bruecke, this 
oikoid represents a porous^ transparent body ; and I can therefore 
not comprehend how Lankester can unite this idea of a porous 
substance, supposed to embrace the nucleus, and to determine the 
whole form of the blood-oerpuscle, with that of his pellide or 
membrane. The hypothesis of Bruecke, ingenious as it is, must 
eventually prove to oe but an unsuccessfdl attempt to exphdn 
certain changes observed to occur in the form of the protoplasm 
of the coloured blood-corpuscle, which, after all, form the exceptions 
to the rule, and are such as may be readily explained without 
ascribing to this body a structure more complicated than can be 
demonstrated. 

A different view from the above is that entertained by Jas. G. 
Richardson, of Philadelphia. He upholds the old theory, accord- 
ing to which the coloured blood-corpusdes of the Yertebrata are 
vesides, each composed of a delicate, colourless, inelastic, porous, 
and perfectly flexiUe cell-wall, enclosing a coloured fluid, &c. To 
this conclusion Bichardson arrived, not only by his numerous ex- 
aminations of the blood-corpuscles of Man and other Mammalia, 
but also by the study of the corpuscles of the Mendbraruihus^ which, 
with one exception, are the largest known. An interesting paper, 
containing these investigations, was republished in the July numoer, 
1871, of the ' Monthlv Microscopical Journal.' In it, he states 
that he twice succeeded in cutting a corpuscle in two with 
sharpened needles ; and that, on penetrating the veside with the 
edge of the needle, its contents were instantly evacuated, and dis- 
appeared at once in the surrounding fluid, while the cell-wall 
immediately shrunk together, and became twisted upon itself and 
around the nucleus into a perfectly hyaline particle. 

But while Bichardson maintains the true cell nature of the 
coloured blood-corpuscle, and adduced a number of observed facts 
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in its support, it is singular that he should have entirely overlooked 
the only unmistakable evidence of the existence of a cell-wall, 
namely, the double contour, which the coloured blood-corpugde 
shows under the conditions above mentioned. 

With the view of bringing the still-existing oontroversy regard- 
ing the structure of the coloured blood-corpuscles somewhat nearer 
to a close, I instituted, during the suiomer and autumn of 1873, 
a series of microscopical res^^rches upon this subject. The special 
material used for this purpose were those giant blood-corpuscles of 
the Amphiuma mewns, or tridaetyltkm* as the animal is called by 
European writers, and also those of the Frog and of Man. The 
examinations on the latter I have only lately carefully repeated. 
The former attain the enormous size of from y^^ to yf ^ mm. in 
length, and from y^i^ to ^^ mm. in breadth ; thus exceeding 
in magnitude very considerably even those of the Proteus angui- 
nem. 

Knowing that the blood-corpuscles of this animal had never 
been thoroughly investigated, I devoted a great deal of care on 
their examination. A considerable number of animalfl of aU ages 
and sizes were used. While some of them scarcely measured from 
five to six inches in length, and served for the study of the deve- 
lopment of their blood-corpuscles, others had attained a maximum 
length of three feet, and a thickness equalling that of the wrist of 
a large man. I was also favoured, by chance, in obtaining the eggs 
of the animal, enabling me to examine the blood of the embryo. 

As regards the application of the vapours of certain reagents 

* The Amphiuma iridactylwn at New Orleans, valgarly called " congo-eel " or 
** congo-snake/' beloogs to the order Urodela of the Amphibia, and ought not to be 
oonfounded with the conger-eel^ a true fish, found on the ooasts of North America, 
Great Britain, and France. From what I know, I presume that the name congo- 
eel oi congo-makey applied by the people to this animal, has originallj been 
deriyed from the Congo negroes^ formerly imported into this country ftom the 
Congo region on the coast of Guinea in Amca. It is very likely 'that these 
negroes, like some of their descendants at the present day, as I have been told, 
were in the habit of using the Amphiuma for food, and thus engrafted their 
name upon it. Although the popular belief of the venomous bite of tiie animal 
is unfounded, it is neyertheless savage enough to bite eagerly at anything held 
before it Its skin is very smooth and slippery, not allowing a firm hold upon it. 
For this reason, to obtain its blood for examination, I placed the animal in a sack 
of coarse material, in which its movements are limited. An assistant then takes 
a good hold of it, through the sack, dii-ectly behind its head, with one hand, and 
around the belly with the other ; the tail is then pulled out from the open end of 
the sack, and after being wiped perfectly clean, the extreme point of it is clipped 
off with a pair of scissors, until a small drop of blood, escaping from the caudal 
artery, appeus. This method of obtaining the fresh blood is the best of all I have 
tried, for in vigorous adult animals blood seldom appears from an incision into the 
skin, or even into the underlying muscles. It seems that in this animal the 
arterioles and -venules possess uncommonly strong muscular coats, by the con- 
traction of which a hemoiThage is prevented. An account of the descriptive 
anatomy of the Amphiuma tridactylum^ only lately issued by Dr. 0. H. Hoffmann, of 
Leyden, will be found in Dr. H. G. Broun's * Elassen und Ordnungen des Thiers 
Reichs, &c.,* a work still in progress of publication. 
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to the blood-corpuscles, I had, for want of a gas chamber, to resort 
to a more primitive method, which, however, answered the purpose 
perfectly. It consisted in placing the slide holding the film of 
oresh blood directly over the open month of a bottle containing the 
reagent. After exposing it to the action of the latter, from one- 
half to three minutes, or even longer, it was removed, and qnickly 
covered by a plate of thin glass. In examining a number of 
specimens, exposed in this manner to the vapour of the reagent 
for various lengths of time, I was enabled to observe the changes 
lace gradually in the blood-<x)rpuscles as well, I believe. 
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as if the latter had been enclosed in the gas chamber. For, 
whether the film of blood be enclosed in the gas chamber, or laid 
over the open mouth of the bottle holding the reagent, the blood- 
corpuscles will in either case not be affected simultaneously, unless 
the film is very uniform in thickness ; those nearest to the surface 
wiU, of course, be acted on first. But even under equal external 
conditions, some of the blood-corpusdes seem to be more sensitive 
to the action of a particular reagent than others. The cause 
of this phenomenon must be sought in the peculiar conditions 
of these bodies at the time, such as age, composition, &c. 

The Coloured Blood-corpuscles of Amphiuma tridadylum. — 
These blood-corpuscles resemble in shape and other peculiarities 
those of the Frog and other Amphibia. Each of them represents 
an oval disk (Fig. 1), enclosing an oval nucleus. The diameter 
of the disk ranges in different specimens from t^ to t^f^ nim. 
in length, and from YHjy to r^Sir ^xun. in width. The mean dia- 
meter of the nucleus is about ri-hf nmi. in length, and y^^ mm. 
in width. The profile of these blood-corpuscles represents a bi- 
convex disk, the middle portion of which swells out in the form 
of an oval prominence. This prominence, which is formed by the 
nucleus and a portion of the body of the corpuscle covering it, 
measures about rkiu i^ni. in thickness. The thickness of the 
blood-disk itself, beyond the area of the nucleus, is about n^ mm. ; 
it gradually diminishes toward the margin of the disk, where it 
only amounte to n^^nF nmi. There are no sharp angles presented 
in the outlines of the profile of these blood-corpuscles, as I have 
seen them sometimes erroneously represented in those of the Frog 
and Salamander, where the whole corpuscle resembles a sphere set 
in a disk with a thick round border. On the contrary, the pro- 
minence at the place corresponding to the periphery of the nudeus 
is lost upon the disk in the form of a graceful curve (Fig. 2). 
The very margin of the disk is rounded. The colour of the 
corpuscles is of a dirty yellow with a slightly greenish tint, and in 
the fresh, normal specimen uniform throughout; in the centre, 
over the nucleus, however, they appear colourless. 

In getting the margin of these blood-corpusdes by an accurate 
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adjustment at the proper focns, it mU be obBenred to represent an 
even border, abont tAtt i^^- ui breadth, which is distingnished 
from the rest of the bod^ by a decidedly greemsh tint (Fig. 1). 
With an obliqne illumination, the existence of this greenish border 
becomes still more eyident, so that even an inner contour, in the 
form of a delicate shady Une, may be recognized. Jt is true, this 
inner contour is not comparable to the inner contour of a distinct 
cell-wall ; nevertheless, it is sufficiently distinct to indicate the 

Sresence of a thin layer at the surfieu^ of the blood-corpuscle, 
iffering in some respects &om the rest of the body — as, for 
instance, in the re&action of light. In the accompanying drawings, 
this greenish border of the corpuscle is, for the sake of distinction, 
represented clear, while the yellow portion of the body is shaded. 
It will be obvious that this observation is an important one ; 
indicating, as it does, the existence of a thin layer at the surfieuse 
of the blood-corpuscles, differing, if not in chemical composition, 
at least in density from the substance of the disks. 

This layer may have, as Laukester remarks, no pronounced 
inner limitation, and may not, in the true sense of the word, 
possess the character of an enveloping membrane; but under 
certain conditions its connection with the underlying material 
is lost, and it appears in the form of a true membrane, manifesting 
itself by a double contour. Such conditions are especially brought 
about by the influence of certain reagents, as we shall see here- 
after. !But the same phenomenon is now and then also observed 
in the corpuscles of blood just escaped from the vessels. Thus, it 
sometimes happens that we meet in perfectly fresh blood, which 
has been quickly removed from the vessels and transferred to 
a slightly warmed slide, with specimens of blood-corpuscles, in 
which the protoplasm of the body of the corpuscles has, by a spon- 
taneous contraction, become separated to a limited extent from the 
overlying denser layer representing the surface ; so that the latter 
manifests itself by a fine double contour. In these instances, with 
the exception of the small vacuum produced bv the retraction of 
the protoplasm, the blood-corpuscle has lost nothing of its normal 
appearance; its main body retains its sUghtiy dirty, greenish- 
yellow colour, while the superficial layer or stratum appears in 
the form of a slight greenish border, the continuity of which over 
the vacuum is manifested by a fine double contour. 

The phenomenon just described, I have not only observed in the 
blood-corpuscles of the Amphiuma, but also in those of the Frog 
(Fig. 49). All Airther doubts regarding the existence of a distinct 
stratum, or membraneous layer on the surfBK^e of these blood- 
cornuscles, differing in density if not in composition from the rest 
of tne body, ought to vanish in the face of such self-evident facts. 
A very singulai' observation which I made while examining a 
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specimen of fresh blood, related to a large fragment of a coloured 
blood-corpuscle of the Amphiuma, having the appearance as if it had 
been cut or torn from the rest of the corpuscle (Fig. 14). On this 
fragment the membraneous layer ifsa seen projecting on the torn 
su^a^e. As there was no sharp instrument, nor any force used in 
the manipulation of transferring the blood from the vessel to the 
slide, I am unable to account for the presence of this fragment, 
except in one way, which I shall state farther on. In the blood of 
the Tree-frog I have several times met with coloured blood- 
corpuscles, of which a portion was wanting, as though it had been 
separated by means of a sharp instrument (Fig. 56, o). 

The most interesting and important phenomenon which I 
observed was a fresh blooil-corpuscle of the Amphiuma, on which 
the membraneous layer had apparentlv burst and retracted, leaving 
a portion of the underlying material, the protoplasm, exposed. The 
latter appeared entirely colourless, while the rest, still covered by 
.the membraneous layer, exhibited the normal yellow colour of the 
corpuscle. In-referring to Fig. 13, representing this specimen, we 
observe at a the colourless^ uncovered protoplasm, bordered by only 
a single contour ; while the portions o are coloured, and show the 
same Ught-greenish border as the uninjured normal blood-cor- 
puscles. A few longitudinal folds, produced by a lateral contraction 
of the corpuscle, will also be noticed. As to the cause, by which in 
this case the membraneous layer might have been torn and the 
underlying protoplasm exposed to view, nothing definite can be 
affirmed. I can only.exphun the rupture of the said layer by a 
s{>ontaneous expansion in a longitudinal direction of the protoplasm 
within ; and that such an expansion does take place sometimes, I 
have actually observed in one case, to be mentioned presently. 
After the rupture has occurred, we may presume that the exposed 
protoplasm will be dissolved in the licjuor sanguinis, and that the 
remams of the blood - corpuscle, ' consisting of the two coloured 

Srtions, h, continue to circulate until their final disintegration, 
ds supposition would at the same time explain the presence of 
those fragments of blood-corpuscles met with in the circulating 
blood, as mentioned before. 

The observation of a rupture of the membraneous layer of the 
coloured blood-corpuscle of the Amphiuma cannot be looked upon 
as other than an important £&ct, from which some practical 
deductions may be drawn. In the first place, it corroborates the 
existence of a membraneous layer or stratum on the surface of the 
blood-corpuscle, which was already not only indicated by the 
decided greenish border it exhibits, but moreover actually de- 
monstrated by the manifestation of the layer itself in those cases 
above described, where it had become separated from the under- 
lying protoplasm by contraction of the latter. 
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In the second place, it bears npon the question, still undecided, 
concerning the relationship of the hsBmoglobin to the protoplasm. 
According to the theories of those histologists who regard the 
coloured blood-corpnscle as consisting of two different snbstanceB, 
the tme seat of the hsBmoglobm would be in the interstices of the 
porous substance. By another theory, more plausible than the 
preceding, Uie existing relationship of the haamoglobin to the proto- 
plasm of the blood-corpuscle would be that of an intimate mixture, 
without any chemical cpmbination. Now, in consideration of the 
phenomenon (Fig. 13) under discussion, two different yiews 
regarding tbe true seat of the hsBmoglobia may be taken. That 
is, either it is held by the protoplasm^ and in this case escaped from 
that portion of protoplasm denuded of its overlying membraneous 
layer (Fig. 13, a) into the snrroxmding liquor sanguinis ; or, judging 
from the coloured portions (h), it is situated in the form of a thin 
stratum between the membrafieous layer and the main hody of the 
protoplasm. If the latter should prove to be true, it would be, 
anatomically as well as physiologically, an interesting discovery. 

When a minute portion of the blood of the Amphiuma is quickly 
transferred from the blood-vessels to the glass shde, and examined 
under the microscope, the coloured blood-corpuscles, with a few 
exceptions, present a normal appearance, such as before described. 
In almost all of them the nucleus can be well discerned, though its 
contours appear frequently somewhat indistinct. In some cases it 
appears qmte distinct, while in others it is more or less hidden from 
view. The cause of this is its position, according as it happens to 
lie farther from or nearer to that sur&ce of the blood-corpuscle 
which is towards the eye of the observer. 

The nucleus represents a vesicle containing a number of large 
granules of irregular shape and size ; its vesicular nature is in£- 
cated by a double contour, which, like the granules, is distinguished 
by a feeble greenish tint, while the rest of the nucleus is perfectly 
colourless. 

Soon after the blood has been transferred from the vessels to 
the sUde, certain changes of form are observed gradually to take 
place in a number of blood-corpuscles. These changes of form 
(Figs. 3 to 12), often very grotesque, are caused by a contraction 
of the protoplaam. They are usually preceded by a disturbance 
observed in the uniformity of the colour of the blood-corpuscle, 
announcing itself by some portions of the corpuscle appearing 
darker or more shaded than the rest. In some instances, however, 
the changes remain confined to the form, as in the Figures 3, 4, 
7, 8, and 9, without any disturbance in the uniformity of colour. 
But in those cases where the blood-corpuscle by an energetic con- 
traction of its protoplasm is thrown into wrinkles, as in the Figures 
5, 6, 10, 11, and 12, the uniformity of colour is always disturbed 
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W the irregnlar manner in which &e conixaction takes place. 
For while in some instances, as in Figs. 3, 4, Ac, the contractiye 
force seems to extend thronghout the whole body of the blood- 
corpuscle either in one or the other direction, in others it appears 
in different points, affecting only separate portions of the protoplasm. 
Thns, wrinkles or folds extending in various directions will be 
produced. Sometimes they &pp€»r in the form of pointed projec- 
tions, as processes and spines (Fig. 5) ; at other times the blood- 
corpnscle becomes constricted at one place, and assumes the form of 
a dumb-bell (Figs. 11 and 12). 

Now, although these contractions of. the protoplasm inducing 
those manifold cnanges in the form of the blood-corpuscles occur 
under the eye of the observer, they nevertheless become imper- 
ceptible, like the movements of the hands of a watch, by the 
giadual and irregular manner in which they take place. In one 
instance (Fig. 11), however, I observed very distinctly the sponta- 
neous motion. This consisted in an expansion of the krger portion 
of the constricted blood-corpuscle (Fig. 11, a) assuming the form as 
represented by the outlines o, and finally recontracting to its former 
form a. This is the only case of spontaneous motion which I ever 
witnessed in the coloured blood-corpuscles of the Amphibia. In 
those of Man I have observed it in a number of instances, to be 
mentioned hereafter. 

When water is applied to the specimen of blood under exami- 
nation, the wrinkles and constrictions of those blood-corpuscles 
which were deformed in various ways by the contraction of their 
protoplasm, gradually disappear, and the corpuscles will be seen 
expanding, in order to resume their original oval form. At the 
same time, however, they are deprived of their colouring matter, 
and rendered colourless by the endosmotic current of the water into 
their interior. 

Besides the phenomena exhibited by the fresh blood-corpuscles 
of the Amphiuma, described above, there are others which, though 
they have been previously observed on the blood-corpusdes of 
other animals, are still interesting enough to be stated in this place. 
They consist in the presence of crystals, and also of vacuoles or 
bubbles of gases in the interior of ^e corpuscles. As regards the 
crystals, besides Bichardson having observed and described them as 
occurring in the blood-corpuscles of the Menobranchus, I have 
myself at different times met with them in the coloured corpuscles 
of the human embryo. In the latter instance, however, they may 
have formed aftier death, and by the action of a weak solution of 
chromic acid in which the specimen had been laid ; in Bichardson's 
case I am unable to state whether the blood was taken &om the 
living or dead animal. In the Amphiwrna, crystals are met with 
quite frequently in the interior of the coloured corpuscles of blood 
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taken directly from the living animal They represent minnte 
colourless rods of iV^nr to yinnr ii^^- ^ thickness, and from ywhh to 
y^^ mm. in length ; they are slightly indentated, giving them 
the appearance of being composed of a number of segments (Fig. 15). 
In fact, they so closely resemble Bacteria, that when I first saw 
them I was impressed with the idea that they were dead specimens 
of these ambiguous beings. But I soon became convinced of their 
crystalline nature, by discovering that they dissolved when a drop 
of water was added to the preparation. 

Not unfre(}uently blood-corpuscles are met with in the fresh 
blood, contaimng a considerable number of larger or smaller 
vacuoles in their interior, lliey resemble ordinary air-bubbles, 
being distinguished by a dark contour, which is gradually lost in a 
slight shade and a perfectly dear centre, and exhibits a light 
greyish tint, playing into violet (Fig. 16). In some cases the 
peripheral portion of these vacuoles is light, and of a pinkish tint, 
though with a dark contour, while their central portion is slightly 
shaded (Fig. 17). I have no idea of the exact nature of these 
bodies. As I found them ^ipecially numerous in the blood-cor- 
puscles of an Amphiuma, wKich I had left three months without 
food, I am inclined to think that their formation is owing to some 
decomposition of the protoplasm. They invariably disappear on 
the application of water. 

Having thus fiar described the coloured blood-corpuscles of the 
Amphiuma as they are met with in the fresh blood, together with 
the different phenomena which they exhibit in this condition, we 
will turn our attention to their behaviour when acted on by 
different reagents, and begin with the most neutral of these, namely, 
water. 

When water is added to a specimen of fresh blood, the coloured 
blood-corpuscles will be observed to become gradually paler, until 
finally they are rendered perfectly colourless. This change, of 
course, is caused by the endosmotic current of the water penetra- 
ting into the blood-corpuscle and dissolving its colouring matter, 
which in consequence escapes into the surrounding liquid. 
During this process the blood-corpuscles do not swell; on the 
contrary, many of them become actually smaller by the continued 
action of water. A number of them assume a round form^ which 
however, is not permanent, for the greater part of them eventually 
resume their original oval form, or very nearly so. 

While the main body of the blood-corpuscle is rendered colour- 
less by the action of the water, certain changes are observed to take 
place in its nucleus. The granules contained in the interior of this 
body are dissolved, and, after first expanding, run into each other, 
representing a homogeneous mass of a pale greenish tint. At the 
same time the whole body of the nucleus, now distinguished by a 
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delicate but distinct double oontour^ expands, and in most cases 
assumes a more round, sometimes even irregular form (Figs. 18 
to 23). 

By a continued action of the water, the contour of the blood- 
corpuscles is rendered still paler, until they finally become almost 
invisible to a careless observer. By a closer examination with 
a first'doM objective, however, their outlines are readily distin^ 
guished in the form of a very delicate douhle contour. This 
examination is feudlitated by the presence of the nuclei, around 
which the observer has to look for the contour of the main body of 
the corpuscle. 

It has abeady been mentioned that the coloured blood-corpuscles 
of the Amphiimia do not enlarge under the action of water, but, on 
the contrary, appear smaller in the dimensions of their front view. 
This diminution of size may be due to a partial or entire disso- 
lution of their protoplasm by the water, and a simultaneous 
contraction of the outer membraneous layer, manifesting itself 
by the delicate double contour. That tiiis layer really does 
contract will be further demonstrated hereafter. But the dimi- 
nution of the corpuscle in length and breadth may be also due to 
an increase in its thickness, caijysed by the swelling and consequent 
roundness of the nucleus. In a number of cases the outlines 
appear wrinkled (Fig. 19), the cause of which may be sought in a 
momentary over-distension of the membraneous layer by the endos- 
motic current of the water, and a simultaneous expansion of the 
protoplasm preceding the contraction of this layer. Quite frequently 
the nucleus is displaced from its original seat, the centre of the 
blood-corpuscle, and is seen moving about in the interior of 
the latter. This phenomenon is readily explained. In the normal 
condition the density of the protoplasm. is such as to hold the 
nucleus in the centre ; but as soon as the water enters, it becomes 
lowered by the solvent action of this flaid, and in consequence the 
nucleus is set in motion by the force of the endosmotic current In 
a number of cases, however, the phenomenon is not confined to a 
mere displacement of the nucleus, but enters into another phase by 
the entire escape of this body through a small rupture of tne mem- 
braneous layer (Figs. 21 and 22). Such an escape of the nucleus 
does not take place very rapidly, as might be thought ; but in most 
cases is a slow process, offering ample time for observation. From 
this fact we may conclude that the orifice produced by the rupture 
in the membraneous layer is at first scarcely large enough to allow 
the nucleus to drop out ; but that it is rather gradually enlarged by 
this body being pressed through it by some propelling force from 
behind. The whole phenomenon may be explained as foUows: 
When the water enters into the interior of the blood-corpuscle, it 
is taken up by the protoplasm, and its first effect is a swelling or 
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expansion of this substance, accompanied by a corresponding dis- 
tension of the membraneous layer, causing in many cases a rupture 
as above stated. At this time the density of the protoplasm is still 
sufficiently high for keeping the nucleus in its nomuJ place, the 
centre. But by the continued action of the water upon the proto- 
plasm, the density of the latter gradually diminishes until, in virtue 
of the law of difiusion, it is rendered equal with that of the 
surrounding fluid. As soon as the rupture occurs, therefore, the 
distended membraneous layer, being now relieved from its pressure 
by an escape of a portion of the fluid within and through the orifice 
produced by the rupture, commences to contract. Now it is that 
the nucleus is seen to leave the centre and to approach the inner 
sur&ce of the membraneous layer. Finally, by the oontinued con- 
traction of this l^er it arrives at the orifice, through which it is 
slowly pressed. It is owing to this process that a considerable 
number of free nuclei are always met with when the blood of the 
Amphibia is treated with the water. And as no contour of the 
main body of the blood-corpuscle can be discovered around them, it 
might appear as if the whole, except the nucleus, had been dissolved 
by the reagent. 

In accepting the view of those histologists who deny the 
existence of an enveloping membrane of the nucleated coloured 
blood-corpuscle, and supposing it to consist only of a homogeneous 
protoplasm throughout surrounding the nucleus, it becomes difficult 
to explain in a satisfactory manner the phenomenon just described. 
BoUett, in his article " On the Blood," in Strieker's ^ Handbuch der 
Lehre von den Geweben, &a,' also mentions the above-described 
phenomenon observed on the nucleated blood-corpuscles, but omits 
to offer any explanation. And indeed, maintaining, as he does, the 
idea that the body of the blood-corpuscle consists of a certain 
stroma determining its form, and insoluble in water, I cannot 
conceive of any rational explanation which he could offer. As the 
nucleus occupies the centra of the stroma, it of course cannot 
become displaced as long as the consistence of the stroma remains 
unaffected by the water, unless the stroma itself is torn or loses its 
integrity in some way or other in that direction in which the 
nucleus moves. But then the question remains to be answered: 
What is the force that displaces the nucleus ? Is it a spontaneous 
contraction of the stroma ? If so, the nucleus would only be em- 
braced the firmer, unless a rupture of the stroma occurs, allowing 
it to escape. But it does not always escape, as Bollett states him- 
self ; it is only displaced from the centre to an excentrio position. 
Therefore, admitting even that the nucleus is able to assume an 
excentric position when surrounded by a homogeneous substance of 
a certain consistence, as this stroma must certainly be in order to 
preserve the form of the blood-corpuscle, the question remains 
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to be answered : What is the resisting force at the periphery which 
prevents it from escaping altogether if there exists no outer layer 
more consistent than the stroma itself? Sometimes the nucleus is 
obeerred to change its place suddenly by a certain start or jerk, 
while at the same time the whole blood-corpuscle rebounds to a 
little distance. This is another phenomenon difficult to explain 
upon the stroma theory, but easily accounted for in viewing the 
sbiicture of the blood-corpuscle, such as I have described it above. 
The sudden displacement of the nucleus is caused by the contraction 
of the membraneous layer, over-distended by the expansion of the 
protoplasm, and occurs just at the time when the density of this 
substance has been rendered sufficiently low bv the action of the 
water to allow the nucleus to move in it, and to leave its central 
position. In order to make the blood-corpusde rebound, however, 
the weight of the nucleus must be greater than that of the resfc of 
the corpuscles; and, besides, the contraction of the membraneous 
kyer must take place unequally. 

Another phenomenon exhibited by the nucleated ellipsoidal 
blood-corpuscles of the Amphibia is that of assuming a round form, 
when tr^ted in water ; it also has frequently been discussed and 
adduced for the purpose of either proving or disproving the 
existence of an enveloping membrane. Now in both cases it will be 
difficult to find a satisfactory explanation as long as we only keep 
in view the change of form which takes place in the main body of 
the blood-corpuscle. It seems to me more probable that the 
phenomenon originally depends on the dissolution of the granules 
m the interior of the nucleus; causing this body to swell and 
expand, and in consequence to assume a round form, which finally 
determines temporarily the form of the whole corpuscle. In 
accepting this explanation, however, the change of form in the 
nucleus itself, still remains to be accounted for. 

An interesting observation regarding the nucleus itself remains 
still to be mentioned. In a number of cases, during or after the 
escape of the nucleus, its delicate enveloping membrane, indicated by 
the fine double contour, bursts also, allowing the contents to exude. 
They generally escape in the form of a small spherical body 
(Fig. 23, a), which gradually enlarges as the process is proceeding. 
Sometimes the escapmg contents assume a more conical form, as 
represented at e. They are very pale, and bordered only by a 
delicate single contour. With the appHcation of a very weak 
solution of chromic acid, this single contour becomes double, and is 
rendered much more distinct (I^ig. 23, 1), At the same time the 
double contour of the nucleus &pi>^i^ darker, and the contents 
within become finely granular. This change, of course, is caused 
by the action of the chromic acid, coagulating the surface of the 
escaping contents in the form of an artificial enveloping membrane. 



72 Transaetians of the Boyoi Mierosoapieal Sooidy. 

and rendering the remaining contents in the interior of the nnclens 
granular ; while the darkness of the double contour of the nucleus 
itself is caused by an increase in density of the wall, which it 
representsL 

When the coloured blood-corpuscles of the Amphiuma are 
treated with a weak solution of chromic acid, and the action of the 
reagent continues, they are rendered colourless. At the same time, 
they are bordered by a distinct double contour, and their proto- 
plasm appears finely granular. The nucleus also is distinguished 
oy a dark double contour and by granular contents. Finally, if 
the action still continues, the granular contents of the corpuscle 
are dissolved, and the latter appears as a clear cell with a double 
contour. 

Concerning the action of a weak solution of chromic acid upon 
these blood-corpuscles, I have made an interesting obseryation. 
When a fresh specimen of the blood of Amphiuma is treated with 
water under the microscope, and subsequently, after the coloured 
blood-corpuscles have become discoloured and rendered very pale 
by the action of the water, and a very weak solution of chromic 
acid is added, the following changes will be observed to take place in 
a number of the corpuscles : becoming almost invisible, they will re- 
appear, bordered by decided dark double contours, while their nuclei, 
also d^tinguished by dark double contours and granular contents, 
are coloured yellow from the reagent. But the most interesting part 
of the phenomenon is a series of fine lines, radiating from the peri- 
phery of the nucleus through the protoplasm to the inner sur&ce 
of the membraneous layer of the olood-corpuscle (Fig. 24). Now 
this picture would almost seem to corroborate the theory of Hensen, 
as well as that of EoUmann ; the fine double lines representing the 
filaments, which they suppose to radiate from the nucleus to the 
enveloping membrane, iout this is not the case. For a doeer 
examination reveals that these lines represent nothing but fissures 
in the protoplasm, which appears to have assumed some form of 
crystallization. This becomes more evident by observing some of 
these fissures, deviating from then: course and giving rise to sub- 
ordinate branches, as is seen in Fig. 24. 

What this colourless crystallizable constituent of the protoplasm, 
manifesting itself by the above-described reaction with a weak 
solution of chromic acid, may be, I must leave to the organic 
chemist to decide. It will be remembered, however, that a number 
of years ago Lehmann succeeded in discolouring the original blood- 
crystals, demonstrating the albuminous body in its crystalline 
form,* though Euehne, who regards the coloured blood-corpuscles 
as consisting of a certain stroma, in the interstices of which the 
haemoglobin was to be contained, subsequently declared this 

* 0. Fimke, ' Lehrbnch der Physiologic/ 4th edit., vol. i. p. 40. 



Blood-eorpusdes qf A. tridadylum, &c. By Dr. Schmidt 73 

observaidon to be erroneotis.* If the latter investigator is right, of 
what do those minute colourless crystals, observed in the fresh 
odonred blood-corpnsde of the Amphiuma, consist ? 

It reniains to be mentioned that I have not invariably sno- 
ceeded in producing the phenomenon in question in these blood- 
ccHrpuscles. The fioiure, I suppose, was occasioned by not having 
apjpUed the reagent soon enough, or else too late, as respected the 
action of the water upon the blood-corpuscles; or perhaps the 
strength of the solution, to ascertain which I took no care, may 
have been the cause. In some cases the corpuscles appear dotted 
over with minute granules ; these belong to the liquor sanguinis 
surrounding them, and are produced by the action of the chromic 
add. 

When the blood-corpuscles of the Amphiuma are exposed to 
the action of chloroform japour, they become entirelv discoloured 
in about two minutes. Wnen exposed somewhat longer, their 
outUnes become very faint, but may always be disooverod in the 
fimn of a double contour by dose examination with a fiist-class 
objective; frequently they are hidden by the colouring matter 
escaped from the corpusdes into the liquor sanguinis. The nucleus 
is not affected by the vapour of the chloroform ; on the contrary, it 
is rendered more distinct (Fig. 25). 

In exposing the blood-corpuscles to the action of water, after 
they have been discoloured by the vapour of chloroform, almost the 
same changes will be observed as when treated vrith water in their 
fresh condition. They then appear dear, bordered by a fieunt 
double contour ; they do not swdl, but rather appear to diminish 
in size, owing to the escape of their contents by the action of this 
fluid. The nudeus, however, is seen to swell very considerably ; 
in some cases to such an extent as nearly to fill the interior of me 
oorpusde. At the same time, by the diasolution of its granules, its 
contents appear homogeneous and very pale. If at this stage the 
preparation is subjected to the action of a weak solution of chromic 
ad<^ the outlines of &e blood-corpuscles will appear more distinct, 
but not as dark as when in their iresh condition and when they are 
only acted on by water. 

When a fresh specimen of blood is treated with chloroform 
hquid, the blood-corpusdes, besides being rendered colourless, as in 
the previous case, become considerably reduced in size ; their dia- 
meter scared^ exceeding j^j^ mm. in len^, and tM?; nmi. in 
breadth. Bemg bordered by d^tinct, though pale double contours, 
they contain numerous well-defined minute granules ; their form is 
now more or less oval or even irregular. Their nuclei also are 
distinguished by very distinct dark double contours, and contain a 
number of larger and smaller pale granules (Fig. 26), while their 

* Knefane, *Lehrbaoh der Pbynologiacben Ohemie,* p. 207. 
VOL. I. a 
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form is round or slightly ovaL Being snbseqnently treated with 
water, the same changes are observed to take place on the blood- 
corpuscles as when treated by this liquid in their fresh condition ; 
that is, the minute granules in their interior are dissolyed and the 
corpuscles appear clear with pale contours. The nucleus is seen to 
swell, while the large granules it contains are dissolved, giving to 
the whole a pale homogeneous appearance. In a number of cases 
also, the delicate membraneous layer of the corpuscles bursts, 
allowing the nucleus to escape as before described. If now, after 
the blood-corpuscles have passed through these various changes, 
produced bv the chloroform liquid and the water, they are finally 
treated with a weak solution of chromic acid, nearly the same 
changes will be witnessed as are produced bv this reagent on the 
fresh blood-corpusde, namely, the size of the corpusde becomes 
still more reduced, the faint delicate double contour, together with 
that of the nucleus, appears darker and more distinct, and the 
contents of the nucleus are rendered finely granular; in some casai 
even, its original larger granules are observed to reappear. 

Diluted acetic acid disGolours the blood-corpufldes and causes 
them to swell. Their outlines are then represented by pale 
greenish, delicate double contours, and in their interior numerous 
granules of the same tint are observed, which disappear by the 
continued action of the acid, or when appUed in a stronger form. 
Eventually the membraneous layer, distended by the reagent, 
contracts again, and the blood-corpusde reassumes its original form, 
or, as observed in a number of cases, its outlines appear wrinkled 
or otherwise irregular. Frequently the nucleus leaves its central 
position, and floats about in the interior of the corpuscle, or may 
escape through a rupture of the membraneous layer. The granules 
withm the nucleus are observed to swell ; but while some coalesce 
and fuse to a certain extent with each other, assuming a worm-like 
or varicose form, others preserve their original shape and indi- 
viduality. The double contour of the nucleus disappears, and a 
dark single contour takes its place, which appears as if oelonging to 
the fused granules ; for those not fused are bordered by one of the 
same character. Around this dark contour a slightly reddish zone 
in the form of a border is observed, which I suppose to represent 
the wall of the nucleus, altered hj the reagent (Fig. 27). The 
granules of the nucleus, after havmg been once exposed to the 
action of the acetic add, seem to resist the solvent action of 
water. 

When the coloured blood-corpuscles of the Amphiuma are 
exposed to the action of a 2 per cent, solution of boracic acid, they 
are gradually rendered colourless. The double contour, whicm 
appears verv distinct, is of a greenish tint. The nucleus also is 
very pale, but shows distinctly its granules and double contour. 
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On many of the blood-oorpnadeB a nmnber of siaraiglit longitudinal 
folds are obseryed. These disappear again by the continaed action 
of the add yaponr, and the wrinkled sorface of the corpnscle then 
appears as smooth as before. Bnt in the depth of some of the 
preyionsly existing folds a fine stripe of a pink colour is lefty 
appearing to represent a rent or fissure in the contents of the 
corpnscle. 

When the 2 per cent, solution of boradc add itself is applied to 
the blood-corpuscles, they are rendered pale, and their contents 
appear finely granular, while the double contour becomes very 
distinct. Fmally, by the continued action of the acid the granulisur 
appearance is lost, and they become perfectly clear. The nucleus 
is rendered coarsely granular, and its outlines appear irregular and 
serpentine ; the outer contour of its enveloping membrane is dark, 
while the inner one has become more indistmct ^ig. 28). 

Exposed to the action of the vapour of a 4 per cent, solution 
of osmic add for about five minutes, the blood-corpuscles are 
rendered paler, almost colourless. Their double contour appears 
somewhat more distinct than in their fvesh condition. The nudeua 
remains almost unchanged. In some cases its outline and granules 
become more distinct. But while perhaps the greater portion of 
the blood-corpusdes remain unaltered in iorm> a number of smooth 
wrinkles running mostly in a longitudinal direction are observed on 
others. Some of these latter have assumed a dish-like form, the 
nucleus projecting on the convex sur&ce (Fig. 29). 

In exposing the coloured blood-corpuscks to the vapour of a 
solution of osmic add of only 2 per cent, for about two or three 
minutes, the above-mentioned changes do not occur, but the 
corpusdes remain almost entirely unaltered in appearance. For 
this reason E. Bay Lankester, in his artide '^ On the Bed Blood- 
corpuscle " mentioned in the beginning of this paper, recommended 
the vapour of a solution of osmic add as the best agent for the 

i)re8ervation of these bodies. I can endorse his recommendation ; 
or a ntunber of specimens of the blood of the Amphiuma and the 
Frog, prepared in this manner and mounted in glycerine instead of 
in a nearly saturated solution of acetate of potassa more than three 
years a^, show hardly any alteration up to this time. Previously 
to empbying the glycerine, I had made use of the solution of 
acetate of potassa, but found it rendered the blood-corpuscles very 
indistinct in ^uite a short time. 

In exposmg a specimen of blood of the Amphiuma to the 
action of the vapour of a 50 per cent solution of the hydrate of 
chloral for about two minutes, a portion of the coloured corpusdes 
are rendered paler without alteration of their form, while others 
are wrinkled in a longitudinal direction. In a third portion, how- 
over, the protoplasm is observed to contract in the form of an 

G 2 
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irregular mass upon the nnclensi which becomes hidden from yiew. 
The rest of the body, after haying considerably contracted and 
assmned an irregular angular form, breaks np into small fragments. 
After an exposure of about ten minutes, the blood-oorpuscles become 
entirely discoloured, the nucleus before hidden reappears, showing 
a distinct irregular serpentine double contour, and & the granules 
in its interior. 

The changes taking place in these blood-Kxirpuscles when 
treated with the solution of the hydrate of chloral are very interest- 
ing and important, as they manifestly show the existence of the 
membraneous layer of these bodies, such as I haye described it. 
Thus, aftier the solution has been applied, the protoplasm of the 
blood-corpuscle without much or any alteration of form gradually 
contracts upon the nucleus. As the result of this contraction, it 
becomes entirely separated from the membraneous layer, which 
manifests itself in the form of a delicaie double contov/r (Figs. 30, 
31, and 32). The interspace left between- the contracted proto- 
plasm and the double contour representing the membraneous layer 
is yery considerable, as will be seen from the drawings, and it 
seems to me should be sufficient eyidence to proye the existence of 
such a layer to an unbiassed mind. 

At first the protoplasm is obseryed to become coarsely granular. 
When its contraction and simultaneous separation from the mem- 
braneous layer commences, it assumes a fiorillar appearance at its 
periphery (Fig. 32), and as the metamorphosis proceeds similar 
fibrillar rings concentrically arranged appear throughout the whole 
mass (Fig. 30). A number of coarse granules are obseryed to 
adhere to the contracted mass or to its peripheir. In &ct, it 
appears almost as if those concentrically arranged fibrillfld were 
produced by a fusion of granules. The contracted protoplasm 
retains its yellow colour, wmle the membraneous layer and also the 
yacuum left between it and the former are perfectly clear. Although 
the general oyal form of the blood-corpusde, especially of its mem- 
braneous layer, remains unaltered during the whole process of 
metamorphosis, its size is yery considerably reduced; for in many 
instances its long diameter amounts only to rvii^ ix^m. in length, 
or seyen less. (Considering this great diminution in the size of the 
blood-corpuscle, it seems that when the protoplasm commences to 
contract the membraneous layer contracts sunultaneously to a 
certain limit, beyond which it cannot contract any &rilier ; if then 
the contraction of the protoplasm continues, a separation from the 
membraneous layer must be the result The nucleus undergoes 
almost no change by the action of this solution ; it is oidy rendered 
more distinct. 

When the action of the solution of the hydrate of chloral is 
allowed to continue for some time, the contracted protoplasm is 
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perfectly disoolonred, and finally diasolyed. Dnring ihis piooees it 
happens that in some instances another deUcate double contour 
is observed inside of that representing the membraneous layer 
(Fig. 33). This phenomenon may be explained by sapposing the 
snr&oe of the contracted protoplasm to haye been rendered more 
dense by the action of the hydrate of chloral than the rest of the 
mass, in consequence of which it may resist longer the continued 
and subsequent solvent action of the reagent, and manifests itself 
like the membraneous layer of the blood-corpusde in the form of a 
double contour. But it also disappears finally by the continued 
action of the reagent, and nothing but the original double contour 
representing the membraneous layer is left. 

Exposing the blood-corpuscles of the Amphiuma to the action 
of nitnc acid vapour for about two minutes, the following changes 
are observed to take place. At first, while retaining their colour, 
they are rendered very distinctiy granular. Gradually becoming 
paler, they are finally entirely discoloured, retaining a delicate 
imely-granular appearance with a distinct double contour of a 
greenish tint (Fig. 34). They retain their natural size, and most 
of them also their ov^ form. None of them are observed with 
folds ; and as blood-corpuscles with some folds or wrinkles are met 
with in most specimens of fresh blood, it may be supposed that this 
reagent renders them smooth again. The nucleus y& coarsely 
granular, almost natural, though more distinct. 

In applying the nitric acid liquid to a specimen of fresh blood, 
the changes taking place in the structure of the blood-corpuscles 
are very striking. The granules in the interior of the nucleus 
become dissolved, causing this body to swell and appear cloudy, 
while its wall is rendered very distinct. The protoplasm appears 
in the form of a network, with larger and smaller round, oval, or 
angular meshes, which in some cases are arranged in a radiating 
form ; the largest at the inner surface of the membraneous layer, 
the smaller ones near the nucleus (Fig. 35). The double contour, 
representing the membraneous layer, remains distinct from the 
coagulated protoplasm, and in many corpuscles an interspace 
occupied as it seems by some fatty material exists between these 
two parts, or betwee]|;i the protoplasm and the nucleus. The form 
of the greater part of the blood-corpuscles has become irregular, 
and their size reduced. 

Nitric acid diluted with equal parts of water produces almost 
the same changes in the blood-corpuscles as when applied pure. 
The granules within the nucleus are not always found dissolved, 
nor are the interspaces between the protoplasm and the membra- 
neous layer or the nudeus met with so frequently (Figs. 36 
and 37). 

Ether causes the colouring matter of the blood-corpuscles to 
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escape mto the liquor Bangoinis until they become perfectly pale, 
while the nucleus is rendered more distinct The double contour 
of the oojrpnscle appears faint, thongh distinct. In many instances 
the conto^ appears wavy, indicating a contraction of the membra- 
neous layer (Fig. 38). The colouring matter escaped into the 
liquor sanguinis also disappears finally, while the latter is rendered 
granular by the action of the ether. 

iTohewnilnued.) 
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Diatoms in Cclowred Liquids. — Dr. Hamilton L. Smith (U.S.) 
writes to the Belgian Microscopical Society : — " The commnnication 
which exists between the internal protopbsmic substance and the 
exterior does not take place along the sutures of the connectives, but 
in Nacicula (properly so called) it exists along the raph4 or median 
line of the wyes, and in Surirella and NUzschia along the edges of 
the wings or of the carinie* 

'* I possess some drawings showing the injection of indigo along 
the median line and its penetration into the interior of the diatom, 
espeeiall J in Stauroneis which had lain some days in water saturated 
with indigo. Apart from this demonstration, I have been able to 
obtain, by employing this pigment, an idea of the mode of progres- 
sion of some large species of Pinmdaria, 

*^ On observing a living Pinnuiaria imder the microscope, when 
the field has been made blue with indigo, and the object is looked at 
on the valvate side (that is to say, with the median line turned towards 
the eye), small particles of indigo are seen to run all along this median 
line and to accumulate near the centre in the form of a small ball or 
sphere. Looked at from the side of the connective (front view), a 
ball is seen to form in the centre of each valve ; and what is remark- 
able, each of these small spheres turns on its axis with a tourbiUon 
motion, just as would be the case if a small jet of water issued beneath 
it from a small orifice situated at the central point of the median line. 

*' When the balls have attained a certain volume they suddenly 
burst, and the particles of indigo then proceed with a retrograde 
motion along the frustule. Immediately after the rupture of the ball, 
a new one begins to form in the same place. The particles take a 
given direction, whilst the diatom itself follows the contrary direction. 
If the motion of the diatom is reversed, the particles of indigo follow 
an opposite course to that indicated. I have observed this curious 
phenomenon for hours together, and it was a glorious spectacle. I 
had in the field of the microscope some magnificent specimens of large 
Pinntdariaj and the phenomenon showed itself specially distinct, when 
in consequence of a grain of sand or other obstacle the free motion of 
the frustule was arrested. The colour I used was the ordinary blue 
indigo water-colour paint, applied in a pretty concentrated form. 

*' Another observation which I made at that time proved to me the 
existence of a gelatinous external hyaline envelope to the frustule, which 
prevented the direct contact of the particles of indigo with the siliceous 

* It 18 intended that each nnmber of the Journal shall in Aitnre contain 
notes of the articleB in foreign ioumsls which relate to the microscope or the 
various subjects of microscopical research. Also notes of new books or new 
editions and of the contents of the English and foreign microscopical and other 
joomala which can be referred to in the Society's library. The Journal will thus 
contain a record of the progress of microscopy both in England and abroad, and 
the Fellows will be able to ascertain from time to time what has been published 
of interest to them in the various periodicals. 
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part. When the diatom moved it pushed before it a cordon of particles 
of indigo, which kept always at the same distance from the anterior 
portion of the fmstole, and which were repelled during the movement 
of the diatom. A very slight application of red aniline (Fnchsine) 
demonstrated conclosively the existence of the gelatinous envelope 
ordinarily invisible ; for it colours it distinctly even before the tint 
has made its appearance in the field of the microscope. Aniline always 
instantly stops the motion of diatoms with which it comes in contact." 

Abnormal Appeanrances of Hydra mridis. — Mr. Sydney J. Hickson, 
while examining specimens of this polyp in Professor Lankester^s 
class, University College, noticed one which exhibited twelve or 
fourteen sperm sacs, although it was budding at the same time. The 
young budded hydra had one tentacle, with a short oval outgrowth at 
the tip, giving it a forked appearance, and below the normal row of 
tentacles was a second row. The parent polyp exhibited a constriction 
a little way below the tentacular row, and from the constricted part 
sprang three tentacles, forming an inodmplete second row. These 
three tentacles were more sluggish in motion than the others. In the 
course of a week the bifid tentacle disappeared, one half having pro- 
bably dropt off; the sperm sacs increased in size and some burst, and 
a ddSnite constriction appeared towards the basal end, as if fission 
were commencing. An unfortunate accident prevented fnrtiier ob- 
servations. Mr. Hickson observes that Johnston cites the following 
passage from ' Baker on the Microscope ' : — ^* Instead of buds of little 
protuberances, the body sometimes pushes forth single tentacula 
scattered irregularly over it, and these can be metamorphosed into 
perfect polypes, the base swelling out to become the body, which 
again shoots out additional tentacles to the requisite number." 

Bhizopods in an Apple-tree. — Professor Leidy mentions that while 
waiting at Swarthmore for the train to return ' home, his attention 
was attracted to a large apple-tree which shortly before had be«i 
prostrated by a storm. In the fork of the trunk there was a bunch 
of moss which he collected and took home. On washing the moss 
and examining the water, he was not a little surprised to find in it 
many rhizopods. Of these, one was Difflugia ccusis, and was abundant 
Another was Difflugia globularity few in number. The others were 
Trinema acinus, Euglypha alveolaia, and Euglypha hrunnea. The 
position of these animals, in the moss on the tree, was about eight 
feet from the ground.* 

On an Ostra,code Crusta^xan of a new Oenue (Aeauthopus), met with 
in the deep Waters of the Lake of Geneva, By M, H. Vemet. — This 
entomostracan cannot be referred to any type hitherto observed in 
fresh water; it belongs to the marine family Oytheridas. Like the 
representatives of that feunily, it possesses only a single pair of max- 
illce, and, on the other hand, three pairs of feet armed with strong 
hooks at their basal articulation (the other fresh-water Ostracodes 
having two pairs of maxillm and two pairs of legs). The rudimen- 

* ' Proceedings of the Academy of Natuial Sciences of Philadelphia/ Dec. 18, 
1877. 
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iary poBt-abdomon is ledneed io two rouaded lobee, each bearing two 
haizs. The antenne also mneh moie reaemble the type of the Cythe- 
ride than that of Oypridaa. 

The reprodnotiYe apparatus does not present anything pecTiliar ; it 
leeembles that of the Ostraoodes in generaL Besides the sexual tube 
there is a reeepiacidum $emini$ in the fenuJe, and a very oomplicated 
ohitinons copnlatory apparatus in the male. The ynlvce are placed 
below the two post-abdominal lobes. 

With regai^ to its mode of life, this omstacean is miable to leave 
the bottom. It does not swim at all; it sometimes creeps, but usually 
buries itselfy and thus travels in the mud and organic debris by the 
aid of its feet and antenna. The hairs and segments of the feet are 
driven into the mud, which serves as a support. The strong hooks of 
the basal articulation are especially usdFul, but give a somewhat 
awkward appearance to the mode of progression. The mechanism of 
this locomotion may be compared to that of a man who endeavotot to 
advance upon his kuees, aidmg himself with his toes. 

The two pairs of antenna act in opposite directions ; their action 
may be compared to that of the two anterior paws of a mole. These 
are the members which enable our crustacean to bury itself in the 
mud. 

With reference to the origin of this organism two suppositions may 
be formed : it may be descended firom a marine spedes introduced by 
some means into our lakes ; or it may have for its ancestor a fresh- 
water crustacean ; the genus Candana would be that which it most 
resembles, though nevertheless very dissimilar. The field of hypo- 
theses remains open upon this point* 

A Miero9copie Trap for a Bover, — Mr. F. A. BedweU describes in 
the ^ Midland Naturalist ' a very useful contrivance to keep rotifers 
and other lively things within the field of view. A friend had sent 
him some specimens of Hydatina aenta. which he was anrious to ex- 
amine with a high power. He says : — " I first tried my usual cell, a 
ring of microscopic glass, the very thinnest I can get (and answering 
to the No. 6 on Uie adjustment collar of the ^), with a piece of glass 
as thin as itself over it. This prevented the whirligig performance, 
but rest was out of the question, and following even Hydatina's charms 
under a ^, gets monotonous when you are always ofdyjuat catching her 
lip. So I tried an old idea in a new form. I took a fiat glass slide 
and dropped two Hydatinas on it, with a small drop of water about 
half an inch in diameter. Upon this drop I laid some cotton wooly 
frayed out so as to be much diffused in space. I then put the thin 
sheet of glass on that, gave the sheet a touch with a needle to set the 
capillary attraction up, and Hydatina's gambols were over. I used an 
I to examine her easily." 

High-angled Objectives for Histological Work, — In his address to 
the Dunkirk (U.S.) Microscopical Society, Professor J. Edwards Smith 
strongly advocates for histological investigations 4>bjectives ^of very 

• • BibL Univ./ Oct. 15, 1877. * Arch, des Sol,' p. 334. • Ann. Nat. History,* 
F^b. 1878. 
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wide (^ plus 180° ") angle of aperture, and in snpport of his view 
refers to an experience in wHch a friend with an English low--angled 
glass (50° to 70°) showed " Nasmy th's membrane " in a section of 
human tooth, which the glass of higher aperture proved to be an 
optical illusion only. " We often hear the remark/' says the Pro- 
fessor, " that wide-angled glasses are just the thing for the display 
of lined objects, surfeioe markings, diatoms, 4feo., but that, owing to 
their short focal length and limited working distance, the trouble 
attending the adjustment of collar, and in general the difficulties 
pertaining to their use, they are unsuited to the purposes of the 
histologist; while, on the contrary, low-angled ghsses of greater 
working distance, requiring no skill in management, are the tools 
with which the real work of the microscope has been and will con- 
tinue to be done; and such are fcmdly termed good, honest, and 
reliable ' working glasses.' I can never listen to Qas line of argu- 
ment without entertaiiiiiig the suspicion that sloth and inactivity lie 
at the bottom. We never hear astronomers complain of the care they 
aro cooipelled to use in instrumentation ; on the contrary, they pride 
themselves on the accomplishment of being able to work instruments 
requiring a great amount of skill and precision in manipulation. 
The objectives of short working distance originated years ago, when 
German pathologists were in the habit of using common window- 
glass to cover their mounts, and at that time the extremely thin glass 
now so easily procurable was unknown. 

" A vast amount of work has been done with these ' honest and 
reliable working glasses,' and will have to be done over again ; and 
this revising work is now in progress." 

The Professor also refers to a case in which a sample of urine, 
from a child supposed to be suflfering from a disease of the kidneys, 
appeared, when examined with a low power (^, of 70° aperture), to be 
in every respect healthy, ^ but on further examination with a wide- 
angled glass, and with an amplification of nearly 4000 diameters, it 
was found to be literally swarming with vibriones." 

New Process of Colouring Microscopic Preparaiions wUh a Pusro" 
aniUne Solution.* — Whilst engaged on the normal structure of the 
general lymphatic system, I had occasion to communicate to my col- 
leagues of the Soci6te medico-physique of Florence the good results 
which I had obtained in my investigations (better than by any other 
colouring matter) by a solution of aniline blue and of picric acid. I 
was unable at that time to enter much into details concerning this new 
and most simple method of staining, having only experimented upon a 
single tissue, that of the lymphatic system. Now, however, after 
having, together with Dr. Brigidi, made a large number of observations 
upon almost all the different tissues, I can speak about the method 
with more detail, and recommend it to those who are occupied with 
histological studies. 

The two substances which I recommend for producing a very 
beautiful green colour have been already employed for some time in 

* Dr. A. Tafani, in the ' Journal dc Microgniphie.' 
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histology to colour tissues, both normal and pathological* Yet I do 
not find that anyone, nntil we did so, made use of these two reagents 
sunnltaneously, so as to obtain a composite colour different from 
that which each prodnced separately. Eyeryone knows, indeed, how 
soluble aniline bine is nsed as a matter of preference, and to save time, 
to colonr elements and tissues which have been preyionsly submitted 
to the hardening action of alcohol and chromic acid, although more 
time is required for those which hare been submitted to the action of 
the latter reagent. 

It is also known that certain tissues, such as those of the spleen 
and the lymphatics, and the cerebral and spinal nervous tissues, retain 
their colour better and with more elegance when aniline blue is used ; 
that the preparations thus coloured do not lose the tint which they 
have acquired by the addition of the adds, whilst alkaline solutions 
and even glycerine affect them in time. A colouring matter possessed 
of cmch advantages is, however, but little employed compared with 
others, sooh as carmine, hematoxyline, &c. ; and I believe the reason 
to be that prmntions coloured by means of aniline blue, although 
very elegant, do not show all tfaor details .so well differentiated and 
so plainly as can be done with other processes, for ezunple, witii 
picro-carminate. Blue staining, in general, but particularly that pro* 
duced by aniline blue, will not fdlow histological forms to be defined in 
all their details. I might almost say that the contours faU. to be 
recognized, which prevents our distinguishing in a tissue rich in 
cellules the limits of the various elements. 

It is besides well known that picric acid (in a saturated solution) 
colours the morphological elements and not the amorphous substances 
(Bobin). It follows from this that the tissues which have been sub- 
mitted to its action take a beautiful yellow sulphur tint, and do not in 
any way lose the distinctness of their outlines. This is owing to the 
iBuot that picric acid is a reagent which does not precipitate in a 
granular form the substances forming the tissues or elements on which 
it is made to act, whilst the contours of the nuclei, the nucleolij the 
granulation, and the cell-walls do not disappear. Moreover, the action 
of picric acid is not like that of chromic acid, which enters into com- 
bination with the substances upon which it reacts (Ranvier) ; and it 
also constantly happens that coloured preparations, after being hardened 
by the latter acid, are completely deprived of their colour by repeated 
washings with water. The action of picric acid on tissues is therefore 
much less]detrimental than that of chromic acid. 

Whilst then the colouring properties of aniline and picric acid, 
when they act separately, are sufficiently well known, no one has until 
now (at least so far as I know^ employed these two substances at the 
same time and on the same tissue, so as to obtain a different tint by 
their reciprocally modified action, and giving rise to some important 
peculiarities, especially in certain special tissues. 

The idea of usiQg picric acid in combination with another sub- 
stance to obtain a third, unlike it, and whilst partly possessing the 
properties of the component substances, also some other new pro- 
pertiea resulting from the mixture, is certainly not new, if we rofer 
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to SchwBrZy who advised tbe mixing of picrio aoid with oaniune in 
studying the onstriated miuoleB of the inteatines, or to the pioro-oar- 
minate of Banyier, now so well known. I may add also that it has 
been suggested that a green stain might be obtained with picrio aoid 
dissolved in glycerine by the addition of a certain quantity of a 
decoction of logwood and the neutral chromate of potash, in the 
proportion of 1 part to 1000* 

I avail myself^ however, of picric acid mixed with soluble aniline 
blue to obtain a green tint of considerable delicacy, homogeneous as fur 
as the eye can detect, and which serves to bring out in relid the smallest 
details which are presented by the tissues and their elements. This 
green stain is easily obtained, in a comparatively short time, either by 
subjecting the preparation to be stained to a solution in water of 
soluble aniline and picric acid, or first to a solution of aniline and 
then to another of picric acid. In whichever way these colouring 
matters are employed, an effect is obtained equally quick and satis- 
fBMstory. The solutions, whether of picric acid or anilme, ought to be 
saturated, which can be done without difficulty by leaving an excess 
of each substance at the bottom of the vessels in which the materials 
are placed to dissolve. In this way we are always sure of employing 
only saturated solutions. When it is wished to make use of the picro- 
aniline solution, 100 cubic centimetres, for example, should be taken 
of the saturated aqueous solution of picric acid, and into it should be 
poured 4 or 6 cubic centim. of the blue liquid also saturated. The 
resulting solution admirably stains a preparation of the lymphatic 
glandular system in the space of a few minutes. If it is desired 
to employ the two substances separately, keep the preparation in the 
aniline solution for a few minutes, and afterwards place it in the 
picric acid. In working thus we can see that the preparation is not 
stained too much by the aniline, and to this end it is well to take it 
out as soon as it has acquired a light sky-blue tint. By taking it out 
at this point one is always sure that it will show the nuclear 
elements sufficiently coloured, whilst the protoplasmic parts and 
others will be only very slightly stained. By waiting, on the con- 
trary, till the preparation has taken a dark blue tint, the nuclei will 
be very deeply stained and the other parts rather deeply also, so 
much so that on submitting it afterwards to the staining action of the 
picric acid it becomes con^sed and obscure. The preparations which 
have been treated with the aniline solution, with the precautions 
indicated above, and then placed in picric acid, pass in the course of 
about fifteen minutes from sky blue to a delicate green. After this 
treatment the tissues show the nuclei both free and cellular suffi- 
ciently stained with green, the protoplasm and the fibres coloured 
pea-green, though faintly and with a delicate shade. Since the 
staining by the aniline produced by the first treatment was less 
in these parts, the yellow colour predominates over the blue, whence 
there results a lighter and more delicate tint. 

Similar results are obtained by making a picro-aniline solution act 
on the different tissues. It is possible to stain with great advantage 
not only fresh tissues, but also such as have been subjected to the action 
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of different hurdening reagentB, suoh aa alcohol, ohiomio acid, 
bichromate of potash, &c. 

Microscopical preparations obtained by these processes may be pre- 
served like others in flnids or balsam. It shonld be observed, however, 
that picric acid, being, as I have said, soluble in water and in alcohol, 
might easily be removed from the preparations npon which it has been 
made to act. To prevent this inconvenience it is important that the 
glycerine nsed to preserve the preparations should be slightly tinged 
with picric add, and if balsam is used it is necessary to dehycurate the 
preparations in alcohol containing also a small quantity of the same 
acid in solution. In the latter case, after this treatment, the prepara- 
tion may at once be placed in oil of cloves or turpentine without 
fear of tiie staining suffering from it. I would likewise observe hero 
that if it is intended from the iSrst to mount the preparation in balsam, 
the operation may be abridged by transferring the preparation 
immediately from the solution of aniline blue, in ^mch it has acquired 
the tint I have indicated above, to a bath of alcohol to dehydrate it, the 
alcohol containing i per cent, of picric acid in solution. 

With the picro-aniline solution not onlv may different tissues be 
stained according to the ordinary process, i. e. by plunging the pre- 
paration into it, but interstitial injections may be made with it, and 
small artificial OBdemata produced with Pravaz's syringe. By operating 
thus, for example, on a lymphatic gland, the colouring matter can be 
made to penetrate into the cavernous system where the endothelial 
cellules may be recognized lightly coloured with green, the character- 
istics of which, already weU described by Professor Bizzorero, are 
seen with more clearness than with any other reagent. If a small 
OBdema be produced under the skin of the groin in a rabbit or guinea- 
pig, the connective cellules and the fibres between which they are 
situated may be studied to perfection, as Benaut has done, by means of 
eosine, which is soluble in water. The pioro-aniline solution, finally, 
may be very well employed in interstitial injections intended to show 
the relation between th^ cellule connectives, especially when the 
picric acid instead of being dissolved in water is dissolved in one-third 
part of alcohol. 

The preparations thus obtained are not affected by the weak adds, 
acetic phenic, diluted chlorohydric &c., whilst alkaline solutions rapidly 
destroy their beautiful outline. The preparations, mounted in fluids 
or dry, with the precautions mentioned, preserve their stain for a very 
long time, for I have some which have undergone no alteration for 
more than a year. 

The pioro-aniline solution (which is specially to be recommended 
for the study of the lymphatic glandular system and for the retina) 
does also very well for otiier normal or pathological tissues. Thus I 
have preserveid some complete sections of the medulla oblongata stained 
by tiiis method, which for deamess and elegance leave nothing to be 
envied in those produced by carmine. 

AmjUifierB. — In an artide on the '' Amplifier," by Dr. Devron, in the 
' American Journal of Microscopy,' he says : — ^^ The Tolles' amplifier 
used on a large compound microscope, with lenses of various maikers, of 
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•,3^, ^, and ^, caused reeolutions on the Nobert 19th band-plate, which 
without it at the same time and with the same illmnination conld not 
be seen with the same objectives; with that increased resolution 
the loss of light was not appreciable. Its value was made quite 
apparent by two photographs showing the resolution of Amphipleura 
peUucida^ one by a ^ and the other 1^ a ^ objective, the latter with 
the amplifier. The resolution into transverse strisB in both photo- 
graphs and their appearance is so similar, that were they not numbered 
I could not teU which was obtained by the ^^ objective." 

PenelrcUUm. — ^The following note from ' Le Microscope,' by Dr. J. 
Pelletan, p. 65, states a &ct that is generally unknown, but which 
ought to be known to everyone who works with the microscope : 
"^ From a purely theoretical point of view an objective with penetra- 
tion is in reality a defective objective." My experience is that there 
is not one in a thousand of the users of the instrument — especially 
the histologists — but have the idea, and their opinions are governed 
by that idea, that an objective that will show at one sight (or 
focussing) all the strata or planes in a section of a tissue ^ or y^ of 
an inch thick, or, in other words, one that has great penetrating 
power (better defined by the optician's term, '* depth of focus "), must 
be the best and most important objective that can be made. Whereas 
it can be demonstrated that such depth of focus is optically incom- 
patible with the best definition, which is the quality above iJl others 
desirable in a lens. 

Depth of focus is a quality desirable in certain cases and for 
some purposes; the objectives for such use should be made ex- 
pressly for that property, and the purchasers of such ought dot to 
expect them to be capable of the higher histological work of modem 
microscopy. 

There is, of course, a vfide difference in definition of objectives that 
possess depth of focus. On the other hand, aU objectives that are 
without that quality do not have the maximum defining power.* 

The Oenu$ lAgida, — M. Donnadieu holds that all the species 
described by authors as forming this genus are only the di&arent 
phases of development of the same species, or the same parasite found 
in different animals, the so-called genus being simply a species of the 
genus Dibothrium — the Diboihrium ligula, 

Nviriment ofBaderia. — MM. Dupont and Hoogewerf^ of Hotter^ 
dam, have investigated the chemical constitution of the materials 
that nourish bacteria. Test tubes, like those used by Oohn, were 
filled with 20 ccjn. of the nutrient fluid, and two drops of bacterium 
fluid, made with decomposing beans or peas, were added ; the tubes 
having been first deprived of any atmospheric dust by hot water. 
Care was taken that the distilled water employed contained no 
organisms. Following Mayer, they prepared a normal nutrient fluid 
with 1 per cent, acetate of ammonia, 0*5 per cent phosphate of potash, 
0*5 per cent, sulphate of magnesia, and 0*05 per cent, phosphate of 
lime» As Mayer stated, they found the most important ingredient to 

* Carl Reddots, in * American Journal of Microsoopy.* 
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be phosphate of potash, and that the magnesiaii snlphate might be 
omitted withont hmdering the bacterium development. The following 
carbon compounds were tried in lien of acetate of ammonia in the 
nntritiye fluid* One per cent, of carbonate of ammonia gave no 
development; 1 per cent, of urea and the same of ethyl-urea no 
development ; 1 per cent, formiate of ammonia, no bacteria, but some 
mycelium ; 1 per cent, formiate of potash and the same of ammonia, 
bacteria development ; 1 per cent, oxalate of ammonia, no develop^ 
ment ; 1 per cent, neutral acetate of ammonia, development ; 1 per 
cent, of the acid acetate, no development; 1 per cent, acetamid, 
development ; the same with 1 per cent, of glycocoU ; no development 
with 1 per cent, of sulphate of anilin. The authors were led to the 
conclusion that only tiiose carbon compounds aeorved aa food ibr 
bacteria which contained '^carbon atoms not united with two of their 
affinitiea to oxygen." * 

Bacteria <u Pararites in Splenic Dieease. — ^M. H. Toussaint has 
communicated fresh remarks on this subject to the French Academy, 
his object being to show that those who have attributed the disease to 
a virus, and not to the bacteria, are in error. Beferring to a previous 
paper, he states that a rabbit dying alter inoculation widi blood 
containing the bacteria dies in consequence of the obliteration of the 
capillaries of essential organs, such as lungs and brain. Most of the 
flexuous capillaries of the economy are HUed with bacteria at the 
moment of death. This effect is most readily observed in the choroid 
and retina of albino rabbits. He claims to have demonstrated that 
when fresh bacteria blood is received in tubes and preserved from 
contact with air and from putrefaction, it loses its contagious pro- 
perties in six or eight days, or sooner if kept at a temperature of 88^ 
to 4Sf G. A virus does not behave in this way. Such a method would- 
be adopted to preserve it Filtration of bacteria blood, fresh and 
defibrinized, thropgh a filter composed of eight sheets of paper suffices 
to deprive it of its contagious elements. This filter allows the granu- 
lations, and even some white corpuscles to pass, but it retains all the 
bacteria. Such a filtration allows a considerable quantity of virus 
elements to pass, but completely deprives bacteria blood of its con- 
tagious properties. The time elapsing between bacterium inoculation 
and the death of an animal may be regulated by the quantity ii\J6cted 
and the pretended incubation period suppressed. In one rabbit 1} 
cubic centimetres of the affected blood were injected, containing some 
1500 millions of bacteria ; in another 75 millions ; and in a third 
1500, the blood being diluted with water. The first died in seven 
hours, the second in twelve or thirteen, and the third in thirty-six 
hours. He describes many other experiments, all confirming the belief 
that the death is produced by the multiplication of the organisms and 
their obstructing the capillanes.! 

* '* Der Naturfoncher,". March 9, 1878, copied from ' Maandblad yor Natunr- 
wetenahappen,' 6 Jrg., No. 1. 

t * Gomptes BeuduB,* liaroh 18, 1878. 
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The fonrth edition of Beale's ' Microecope in Medicine/ and the 
second edition of Martin's ' Mannal of Microscopic Monnting,' have just 
been issued ; also a work by Dr. Dudgeon, the ' Human Eye ; its Optical 
Construction popularly explained.' In Paris has been published 
the first part of Professor Banvier's 'Histology of the Nerrous 
System,' and in Leipzig the fourth edition of Dr. Willkomm's ' Die 
Wunder des Mikroi^opes oder die Welt im Eleinsten Baume.' 

Van Heurck's ' Microaeope applied to Botany.^ — A new edition of this 
work is announced to be in preparation, considerably enlarged, and 
with the addition of a third part dealing exclusively with diatoms. 
M. Van Heurck's collection of diatoms is (according to Dr. Pelletan) 
one of the most important now existing, containing not less than 
10,000 specimens. It includes all the types of De Brebisson, and 
the original collections of Walker Amott, Eulenstein, and Eiitzing, 
without reckoning the numerous series of W. Smith, Griinow, 
Hantzich, Babenhorst, &c. The collection of Eutzing, which be- 
longed to Eulenstein, was divided into two parts, of which one was 
sold to the British Museum, and the other, which Eulenstein 
reserved for himself, now belongs to M. Van Heurck. 

The first volume of ^Science Lectures at South Kensington' con- 
tains the lecture by Mr. H. 0. Sorby, F.B.S. (ex-Pres. B.M.S.) on 
« Microscopes." 

The QuABTBRLT JouBNAL 09 MiOBOSOOPiGAL SoisNOB for January 
contains: — 

On the Hinged Teeth of the Common Pike. By Charles S. Tomes. 

Note on the Movements of the Vibracula in Caberea Borjri, and on the 
Supposed Common Nervous System in the Polysoa. By the Bev. Thomas Hincks, 
B.A., F.B.S« 

The Development of the Cranial Nerves in the Chiok. By A. Milnes 
Marshall, D.Sc, B.A., Fellow of St. John's College, Cambridge. 

A Contribution to the History of the Embryonic Development of the Tele- 
osteans. By Ed. Van Beneden. 

On the Homologies of the Snspensor. By Sidney H. Vines, B.A., B.So., 
Fellow and Lecturer of Christ's College, Cambridge. 

The Red Vascular Flnid of the E^hworm a Corpusoulated Fluid. By E. 
Bay lAnkester, M.A., F.B.S. 

The Contnustile Filaments of Amanita (Agarioos) moscaria ai^d Dipsaons 
sylvestris. By Francis Darwin, M.B. 

On Atmospheric Bacteria. By G. T. Dowdeswell, B.A. Cantab. 

A Review of Reichenbach*s Kesearohes on the Early Development of the 
Fresh-water Crayfish. By T. Jeffery Parker, Associate of the Royal School of 
Mines. 

For April : — 

On the Phenomena accompanying the Maturation and Impregnation of the 
Ovnm. By F. A. Balfonr, M.A., Fellow of Trinity College, Cambridge. 

Notes on the Structure and Development of Osseous Tissue. (From the 
Physiological Laboratory of University College, London.) By B. A. Schafer. 



* See note on p. 79. The journals noticed will be found in the lilnrary. 
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Recent Besearohes into the Nature of Lichens. By Sidney H. Vines, B.A., 
B.8c., Fellow and Lecturer of Christ's College, Cambridge. 

On the Endothelium of the Body-cavity and Blood-vessels of the Common 
£jarthworm, as demonstrated by Silver-Staining. By D'Arcy Power, Exeter 
College, Oxfo:d. 

On the Life-History of Bacillus anthracis. By J. Cossar Ewart, M.B., Uni- 
versity College, London. 

Ezperimentel Contribution to the Etiology of Infectious Diseases, with 
special reference to -the Doctrine of Contagium vivum. By £. Klein, M.D., 

On the Nature of Fermentation. The Introductory Address delivered in 
Ring's College, London, at the opening of the Session, October Ist, 1877. By 
Joseph Lister^ F.B.S., Professor of Clinical Surgery in, and Surgeon to King's 
College Hospital, &c. 

The Annals and Magazine of Natubal Histoby for January 
contains : — 

Observations upon Professor Ernst Hackel's Group of the '* Physemaria," 
and on the Affinity of the Sponges. By W. Saville Kent, F.L.S., F.Z.S. 

On the Minute Structure o! the Corals of the Geneia Heliophyllum and 
Crepidophyllum. By Professor H. Alleyne Nicholson, M.D., D.Sc., F.L.S. 

On two New .and remarkable Species of Cliona. By W. J. Sollas, M.A., 
F.G.S. 

On Wagnerella, a new genus of Sponge nearly allied to the Physemaria of 
Ernst Hackel. By C. Mereschkowsky. 

Fop February : — 

Notes on British Spiders, with descriptions of some new Species. By the Bev. 
O. P. Cambridge, M.A., CM .Z.S., &c. 

Mr. James Thomson's Fossil Sponges from the Carboniferous System of the 
South-West of Scotland. By H. J. Carter, F.B.S. 

Position of the Sponge Spicule in the Spongida, and Postscript on the Identity 
of Squamulina scopula with the Sponges. By H. J. Carter, F.R.S. 

For Marob : — 

On the Genus Palosacis, and the Species occurring in British Carboniferous 
Bocks.' By R. Ethenge, jun., F.G.S., and Professor H. Alleyne Nicholson, 
M.D., D.Bo. 

Note on Selaginopsis (= Polyserias Hincksii, Mereschkowsky), and on the 
Gircumpolar Distribution of certain Hydrozoa. By the Rev. A. M. Norman, 
M.A. 

Studies on the Hydroida. By C. Mereschkowsky. 

For April : — 

On the €}enus Haliphysema, with description of several forms allied to it. 
By the Rev. A. M. Norman, MA. 

On the Architectural Achievements of little Masons, Annelidan (?) and 
Rhizopodan, in the Abyss of the Atlantic. By the Rev. A. M. Norman, MA. 

On New Species of HydractinidsB, Recent and Fossil ; and on the Identity in 
Stmoture of Millepora alcicomis with Stromatopora. By H. J. Carter, F.R.S. 

Habdwioeb's Soibnob-Gossip for January contains, under tbe bead 

of Microscopy : — 

An Easily-made Cell. The * Monthly Microscopical Jounial.' The Spon- 
taneous Generation Controversy. Sph«araphides. B.rth of Vinegar Eels. The 
late Dr. Beatty. Cleaning Slides. To Clean Old Slides. To Preserve Glass 
Slips Ready for Uee after Cleaning. How to Clean Thin Covers. 

For February : — 

A Plea fur the Microscope as a Tov. Actinocyclus Berkleyi. Researches 
among the Sponges. Mounting Marine Algie. The Quekett Microscopical Club. 
Coloiued Oysters. The Spore-prod acing Power of Fungi. Parasitic Algao. 

VOL. I. H 
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For March : — 

Yolvox globator. Gleansiog Old Slides. Improyement in Mierofloopo-stands. 
Plant Crystals. Habirshaw's Catalogue of the DiatomaceiB. Microsoopic Life of 
the Carboniferous Limestone. 

For April : — 

The 'American Microsoopioal Journal/ Machine for Mounting. A New 
Posting-bqx for Slides. Actinocydus BerkleyL Sap Crystals. Cleansing 
DiatomaceiB. The Resolution of Diatom Tests. 

Natubb for the 2lBt and 28th March contains articles on the 
" Sources of Light " and " Beflection of Light," " from a forthcoming 
Yolnme of the ' Nature Series ' — ^ Light : a Series of Simple, Enter- 
taining, and LiexpensiYe Experiments in the Phenomena of Light, 
for the Use of Students of Everj Age. By Alfred M. Mayer and 
Charles Barnard.' " 

The PoPUTJiB SoiENOB Reyixw for April contains an article by 
Mr. W. Saville Kent, F.L.S., entitled *< A New Field for the Micro- 
scopist " (the Flagellate Protozoa). 

The QuABTSBLT Journal of Soibkoe for April contains : — 

On the Movement of Microsoopio Particles suspended in Liquida By Pro- 
fessor W. Stanley Jeyons, LL.D., MA., F.R.S. 

The Journal or the Quekett Miorosgopioal Olub (No. 35) 
contains : — 

The Ordinary Condenser Improved, or *' Cironlar" Dlnmination Superseded. 
By W. K. Bridgman, L.D.S. 

The i*resident's Address, together with the usual Proceedings, the Oom- 
mittee's Report for 1877, and List of Members, Rules, &c. 

The Abiebioan Journal of Miobobgopt and Populab Soienos 

for January contains : — 

Description of a New Species of Argulus. By D. S. Eellioott. 

On a iMew Rhizopod {Lobularia marina). By rrofessor R. Hitchcock. 

Cox's Self-Kjentering Turn-table. 

Bullock's New Microscope. 

Mounting on Wax. 

The New York Microscopical Society. 

Fraudulent Lenses. 

For February :— 

Rivet's Microtome and its Use. By Dr. Johannes Gronland. (Translated 
from the ' Zeitsohrift fiir Mikroskopie.') 

Elementiuy Papers on Objectives and some Accessories (continued). By Pro- 
fessor Hitchcock. — ^11. Cover Correction. 

Disoursory Thoughts relating to the Use and Abuse of the Microscope. An 
Address delivered by Professor J. Edwards Smith before the Dunkirk Micro- 
0oopical Society, October Slst, 1876. 

The Amplifier. By Gustavus Devron, M.D. 

For March : — 

The conclusion of Professor J. Edwards Smith's ' Disoursory Thoughts.' 

High-anffled ObjectiveSi with Wenham's ^nocular. 

The Birtn of a Tree-hopper. By Rev. J. L. Zabriskie. 

Keith's Heliostat. 

Jl Trap for Catching Diatoms and Animalcules. 

Finishing Slides. 

The Combination Whirling Table. 

A New Marking Box for Slides. 
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The Amebioan Natubalist for Jannary contains : — 
The Miorosoope as a means of Examination of Books and Fossils. By Dr. B. 
Fritz Gaertner. 

For February: — 
The Postal Cluh, a new Mailing Box for SUdes. 

For Mi^rch : — 
The Transfonnation of the Bed Mites. By Professor G. Y . Biloy. 

For April : — 

A continuation of Dr. Frits Gaertner^s paper on the Microscope as a means of 
Examination of Books, &o., Amosba proteus, by Professor Joseph Leidy ; and a 
New Method of Opaque Mounting, by G. G. Merriman. 

Tbe JouBMAL Da Mioboobaphu (published at Paris) for January 
contains : — 

The Embryogenons Oell. By Professor Balbiani. 

On the Anatomy and Physiology of the Betina. By Professor Boll. (Contmu- 
aiion,') 

On Foreign Microscopes (the English Microscopes). By Dr. J. Pelletan. 
(^Continuation^ 

Obseryations on the Termination of the Motor Nervea of the Striated Moscles 
of the Torpedoes and the Bays« By Professor Giaccio. 

The Dissection of the ^ervons System of the Fishes. By Professor Emile 
Bandelot. 

On Diatoms in Golonred Liquids. From the Bulletin of the Belgian Micro- 
scopical Society. 

A Beview of M. A L. Donnadieu's * Oontribution to the History of the Genus 
Lignla;' also of tbe Microscopical Analysis of Bocks and the Gavities of 
Minerals, by M. A. Benard. 

A Note by the Editor (Dr. Pelletan) on Mr. ToUes' i Objective. 

For February : — 

On Partheno<i^nesis. By Professor Balbiani. 

On the Anatomy and Physiology of the Betina. By Professor Boll. (Con- 
tinuation,^ 

Observations on the Termination of the Motor Nerves of the Striated Muscles 
of the Torpedoes and the Bays. By Professor Giaccio. (Continuation.) 

Note on the Termination of the Nerves in the Electric Apparatus of the 
Torpedo. 

A *' Free Translation " of Mr. Stephenson's Paper on Professor Abbe's Theory 
of Microscopic Vision, which appean^ in the * Monthly Microscopical Journal ' 
for February, 1877, with Noted by the Editor. 

The Bacillaria with a Siliceous Envelope, or Diatomacen. By Kiitzing. (Cbn- 
tinuaiion.) 

Analysis of Two Memoirs. By Dr. O. Brefeld and Dr. L. Nowakowsky, on 
the genus Entomophthora. 

On a New Micro-lepidoptera (Albinia Wbckiania, Briosi.) 

Be views of Banvier's *• Histology of the Nervous System,' and of Schmidt's 
' Atlas der Diatomaceen-Kunde.' 

For Marob :— 

The Lymphatic Hearts. By Professor Banvier. 

On the Anatomy and Physiology of the Betina. By Professor Boll. ((7o»- 
ciusion.y 

Observations on the Termination of the Motor Nerves of the Striated Muscles 
of the Torpedoes and the Bays. By Professor Giaccio. (Continuation ) 

On Foreign Microscopes (the Ajnerican Microscopes). By Dr. J. Pelletan. 
(Continuation!!) 

H 2 
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The Siliceous FoBsil Beds of Auvergne employed in the Preparation of 
Dynamite. By Drs. Leuduger Fortmorel and Paul Petit. 

A Further Note by the Editor on the Bevivificatioii of the Diatoms. 

On a New Mode of Colouring Microsoopic Preparations with a Picro-aniline 
Solution. By Dr. A. Tafani. 

On a Photographic Microscope. By Professor C. Fayel. 

A Beview of Professor Eaton's ' Ferns of North America,' and Notice of the 
Editor's forthcoming ' Manual of Normal Histology.' 

The Berlin Zeitsghbift fub Mikboskopib for January contains 
the continuation of Dr. E. E^iser's article " On the Development and 
Present Position of Microscopy in Germany ;" of the translation of 
Dr. Pelletan's '' Foreign Microscopes,'* from the ^ Journal de Micro- 
graphie;*' also an abstract of Dr. Koch's " InvestigatioD, Preser- 
vation, and Photographing of Bacteria." 

For February : — The continuation of the translation of Dr. Pelle- 
tan's "Foreign Microscopes;" "On Micro-photography," by Dr. S. 
Th. Stein ; " On the Collection and Observation of Microsoopic 
Objects on Travels and Excursions," by Dr. E. Bouch6 (conlinuaium); 
an abstract of an article by Dr. A. Tschamer "On the Nature of 
Hooping Cough," and one by Dr. Woodward " On the Use of Arti- 
ficial Light in Micro-photography." 

No number of the Abghiv tub Mikboskopib Anatohib for 1878 
has yet been received. 

SlEBOLD AND Eoi^ilKBB's ZeITSOHBIFT FUB WiSSENSCHAFTLIOHB 

ZooLOGiE for January contains the first part of an article by Biitschli, 
" On the Flagellata and some Allied Organisms," illustrated with five 
coloured plates. 

In the number for March is the fourth part of Schulze's ' Inves- 
tigations on the Structure and I)evelopment of the Sponges — ^The 
Family of the AplysinidsB " (with four coloured plates). 



( 93 ) 



PEOCEEDINGS OF THE SOCIETY. 



EiNO'8 Ck)LLBOB, March 6, 1878. 

H. J. Slack, Esq., President, in the chair. 
The minutes of the preceding meeting were read and confirmed. 
The President annoonced that the first ntimber of their new 
Joomal wonld be in the. hands of the Fellows in the conrse of a few 
days, and that he hoped, for a beginning, that it would give satis- 
fiiction. 

A list of donations to the Society during the past month was read 
by the Secretary, and the thanks of the meeting were voted to the 
donors. 

Mr. Oharles Stewart gave a description of a supposed new coral, 
belonging to the genus StyUuter, said to have been obtained from 
a small island in the vicinity of Tahiti, where it was considered 
to be exceedingly rare. After pointing out the difference between 
▼arious genera of corals, Mr. Stewart proceeded to describe and figure 
the species under notice, and to compare it with other known forms 
of the same genus. Specimens exhibited under the microscope in the 
room were objects of much attention at the close of the meeting. 

The thanks of the meeting were unanimously voted to Mr. Stewart 
for his communication. (The paper will be found at p. 41.) 

The President said they had another paper '^ On a new Opercu- 
lated Infusorian from New Zealand," by Mr. Hutton. It would per- 
haps be remembered that in the first volume of the ' Monthly Micro- 
scopical Journal ' (p. 289) there was a short paper by Mr. W. S. Kent, 
^ On some new Iniusoria from Victoria Docl^," in which he described 
a new species of Cothumia, which had been discovered by Mr. Beeves, 
and which possessed a well - developed operculum. Mr. Charles 
Stewart having drawn in coloured chalks upon the black-board the 
species described and figured in Mr. Button's paper, the President 
observed that the animal discovered by Mr. Reeves carried the cover 
up with it when it came out of the cup, thus far resembling that 
described by Mr. Hutton, but the latter was remarkable for its forked 
bristles. 

The President then proposed a vote of thanks to Mr. Hutton for 
his very interesting communication. 

A paper by Mr. Adolf Schulze, *' On a New and Simple Means 
of Besol^ing the finest Balsam mounted Diatom Tests, with special 
reference to Amphiplettra pelltteida** was read by the Secretary. 

The President said that Dr. Dixon had been kind enough to come 
down to the meeting to exhibit the mode of illumination which was 
described in the paper, and invited that gentleman to make some 
observations upon the matter. 

Dr. Dixon said he had really no remarks to make, for the process 
was so simple that he had great difficulty in finding anything to say 
about it. 
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The President inquired if Dr. Dixon found that glycerine wonld 
do as well as castor-oil with the Wenham illominator. 

Dr. Dixon thought that glycerine would not answer the purpose 
so well. The greater viscidity of castor-oil allowed a greater range 
of focus ; and for the same reason it would not so readily run off 
the face of the illuminator. 

Mr. Stephenson said he had tried this and other immersion plans 
of illumination, and had resolved without difficulty Amphipleura and 
other difficult diatoms in balsam. He thought the fact was very 
often overlooked, that with a dry condenser of the widest angle it 
was hardly possible to resolve the fine lines of balsam objects ; but 
with an immersion condenser it would be quite possible ; and he might 
say that the resolving power of a Zeiss's immersion objective would 
be at least 10 per cent, greater on a balsam object than that of a dry 
lens of 180^ on an object in air. 

Mr. T. Gurties said that Mr. West, who had been very successful 
in producing Lissajou's curves microscopically upon glass, was pre- 
sent, and had brought some specimens, which were exhibited under 
microscopes in the room. 

Mr. West said that most persons were familiar with these curves 
as drawn upon paper, so that he need say very little in the way of 
describing them. He had been successful in drawing them upon 
glass upon a very small scale, and he was told that they possessed 
some value as test objects. He believed he owed much of the success 
to the excellence of the diamond point which had been supplied to 
him by Messrs. Beck. The appearance of solidity in many of the 
figures had attracted attention, and was rather ci:grious. The chief 
difficulty in exhibiting these objects was in obtaining a proper kind 
of illumination. 

In reply to a question from the President, Mr. West stated that 
these figures were drawn directly upon the glass. 

The President said that, in returning to the old practice of having 
tea and coffee at the close of their meetings, they hoped to somewhat 
increase their social character, and for this purpose they should 
endeavour to get the business of the evening over by nine o'clock, so as 
to leave a little time afterwards for conversation and the exhibition of 
any objects which might be brought by any of the Fellows. He hoped, 
therefore, that if any Fellow of the Society had objects which he 
wished to exhibit or to ask questions about, he would bring them 
down to the meetings. At their scientific evenings they shoxdd 
adhere to the plan which they had foimd to work so well — that 
of bringing objects of special interest which could not be seen else- 
where ; but the field of research was so great, that it was quite likely 
that a person well acquainted with one particular branch might find 
objects of another kind which were unfamiliar to him, and about which 
he might be glad to have the opinions of others at the ordinary 
meetings. 

The following gentlemen were elected Fellows of the Society, 
viz.: — John Davis, Esq.; George Baynor, Esq.; Francis Bonghton 
Eyngdon, Esq. ; and the Bev. G. E. Watts, M.A. 
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Enra's Gollbob, April Z, 1878. 

H. J. Slack, Esq., President, in the chair. 

The minutes of the preceding meeting were read and confirmed. 

The list of donations was announoeid, and the thanks of the 
Society returned to the respective donors. 

The President gave notice that upon the recommendation of l£r. 
Stephenson, Dr. IdUitthews, and Mr. Crisp, in accordance with the 
fifteenth bye-law, and with the approval of the Oouncil, Professor 
Abbe, of Jena, had been duly nominated an Honorary Fellow of the 
Society, and that accordingly the Professor's name would be suspended 
in the usual way and submitted for election at the meeting of the 
Society in May. 

Mr. J. W. Stephenson read a paper ^On a New Large-angled 
Immersion Objective without any Adjustment Collar.'' 

The President said that Mr. Stephenson had been kind enough to 
bring down to the meeting the object-glass which he had described 
in his paper, and another of the same pattern belonging to Mr. Crisp 
was also in the room, and it would be, no doubt, interesting and usefdl 
to examine them after the meeting. 

Mr. Frank Crisp said that he could bear testimony to two, at any 
rate, of the advantages of the new objective, viz. the great increase of 
light, and the facility with which it could be at once adjusted to the 
olgect, being without correction collar. It might be interesting to 
observe, by way of history, that the use of oil in Mr. Stephenson's 
objective had nothing in common with the use of it for microscopical 
purposes by Sir David Brewster in 1810 — ^before the application of 
achromatism to the microscope. His plan was to place tlie object to 
be observed at the bottom of a small glass cylinder filled with oil^ 
and the objective was focussed upon the object through the oiL 
There was thus a convex lens of crown glass, and the oH acted as a 
concave lens. If the proper curves were taken for the convex lens, 
there would in the result be (theoretically) an achromatic combina- 
tion. 

Dr. Matthews thought that the discrepancy observed as to the 
tables of refractive indices, to which allusion had been made in the 
paper, might be due to the age of the oiL All essential oils under- 
went oxidation, which caused them to become thicker and more 
refractive, and this might account for the discrepancy. 

The President inquired which of the essential oils was least 
subject to this kind of alteration. 

Dr. Matthews was hardly prepared to say without looking into the 
subject more closely, but he believed the worst was turpentine. 

The President said it was clear that the chief consideration in 
the case of this objective was to get the proper kind of oil. 

The thanks of the meeting were voted to Mr. Stephenson for his 
paper. 

Mr. Frank Crisp read a paper ''On the Present Condition of 
Microscopy in England." 

The President thought that Mr. Crisp had hardly been quite fair 
to Dr. Pigott in the course of his observations. Dr. Pigott only 
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wanted to prove that the best object-glasses had some small but 
important residual error, and conld be improved by the use of the 
means which he proposed. 

The thanks of the Society were voted to Mr. Crisp for his paper. 

The President announced that they had received two pamphlets on 
diatoms from Professor Cleve, and that a number of specimens in 
illustration had been sent for examination. Dr. Millar had also 
brought with him a singularly beautiful species of sponge, Acamu8 
innominoUus Gray, and Mr. Curties exhibited a number of specimens of 
stained tissues. 

Donations to the Library since February 6, 1878 : 

From 

Nature. Weekly The Editor. 

AtheniBum. Weekly Bitto. 

Society of Arts Journal. Weekly Society. 

Balletin de la Soci^t^ Beige de MicTOSoopie Ditto. 

Bulletin de la Soci^t^ Botaniqne de France Ditto. 

Quarterly Journal of the Geological Society Ditto, 

Saint Louis Medical and Surgical Journal, Feb. 1878 Editor. 
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I. — The Structwre of the Cohv/red Bloodrcorptteeles of Amphiuma 
tridactylvm, the Frog, cmd Man. By Dr. H. D. Schmidt, 
Pathologist of the Charity Hospital, New Orleans, La. 

(Taken aa read brfare the Royal Migbosoofioal Socibtt, April 3, 1878.) 

Plate V. 

{Continued from p. 78,) 

Befobb farther discnssiBg in detail the observations relating to 
the stmctnre of the coloured blood'^oorpnscles of the Aniphinma, I 
propose to give a brief description of the mode of their development 
from the colonrless corpnsdes. Their origin, or original develop- 
ment in- the first stages of embryonic life, I had no opportmxity to 
observe ; for in those embryos which I fortunately obtained tiiey 
were already completely formed. 

J.S we may suppose that the metamorphosis of a coburless 
-corpuscle into a coloured one is not accomplished in a space 



EXPLANATION 01* PLATE V. 

Fio. 28. — Coloured blood-oorpnsole of Amphinma, treated with a 2 per cent. 
Bolation of boracic acid. 

Fio. 29. — Coloured blood-oorpusole of Amphiuma, treated with the vaponr of 
a 4 per cent, solution of osmic acid. 

Fioti. 30, 31, 82, and 33. — Coloured blood-corpuscles of Amphiuma, treated 
with a strong solution of hydrate of chloral. 

Fio. 34. — Coloured blood-corpuscle of Amphiuma, treated with nitric acid 
yapour. 

Fio. 85. — Coloured blood-corpuscle of Amphiuma, treated with nitric acid 
liquid. 

Fios. 36 and 37. — Coloured blood-corpuscles of Amphiuma, treated with 
diluted nitric acid. 

Fio. 38. — Coloured blood-corpuscle of Amphiuma, treated with ether liquid. 

Fio. 39. — Colourless Vood-corpuscles of adult Amphiuma. 

Fio. 40. — Diflerent forma of transition from the colourless into the coloured 
blood-corpuscles, met with in the blood of adult Amphiuma* 

¥iQ. 41. — Colourless blood-corpuscles from the pulp of the spleen of adult 
Amphiuma. 

Fio. 42. — Colourless blood-corpuscles and their transitory forms into the 
oolouzed corpuscles, met with in the blood of the very young Amphiuma. 

[Fio. 48. 

VOL. L I 
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of time short enough for any observer to witness it under the 
microscope, the process of development or transition can only be 
studied by making certain deductions &om the various transitory 
forms of these blood-corpuscles as they are met with in the blood 
of the animal. 

In the blood of the adult animal, the primary form of the 
coloxurless blood-corpuscle seems to be a nucleus surrounded by a 
layer of granular protoplasm (Fig. 39, a). The nucleus represents 
a vesicle, distinguished by a distinct double contour, and containing 
a limited number of granules. Both contoxur and granules show a 
fEuntly greenish tint. The multiplication of the corpuscle takes 
place by a division of the nucleus, while it is still surrounded by 
the protoplasm (Fig. 39, a and h), though many instances are 
observed where the nuclei are set free by the dissolution of the 
protoplasm (Fig. 39, o), and hence a number of free nuclei are 
always met vnth in the blood. The transitory forms to be studied 
are represented in Fig. 40. The first (a) is a round nucleus, in 
which the inner contour of its wall is represented by a zone of 
minute granules of a greenish tint, appearing as if deposited upon 
the inner sur£EMse of the wall; in the mterior of the body the usual 
granules are observed. The second form (h) represents a lai^er 

Fio. 48. — GoloDred blood-ooipuaole of the young Amphinma. 

FxQ. 44.— Coloozed Uood-corpuaole with its piotoplaBm contraoted, fiom the 
young Amphinma. 

Fio. 45. — Egg of the Amphinma with embryo (natural size). 

Fio. 46. — Embryo of Amphinma, taken from the egg (natural size). 

Fio. 47. — ^The same, slightly enlarged. 

Fio. 48. — Oolonred blood-corpuBdea of the large Bnll-frog; a, fzont view; 
6, side view. 

Fio. 49.:— a coloured blood-oorpusole of the same animal, in which a retrac- 
tion of the protoplasm has taken place, exposing the membraneous layer. 

Fig. 50. — Coloured blood-corpuscle of the Frog, with spinous elevations on its 
flurfaoe. 

Fio. 51. —Coloured blood-corpusdes of the Frog, treated with water. 

Fco. 52. — One of the same, treated subsequently with a weak solution of 
chromic acid. 

Fio. 53. — (Coloured blood-corpuscle of the Frog, treated with acetic acid vapour. 

Fio. 54. — Coloured blood-corpuscles of the Frog, treated with a weak solution 
of chromic add. 

Fio. 55. — Coloured blood-corpusdes of the Frog, treated with a strong solution 
of Ir^drate of ohloraL 

Fio. 56. — Coloured blood-corpusdes of the Tree-frog; a, front view; 6, side 
view ; c, one with a portion wanting, as described in the text. 

Fio. 57. — Coloured blood-corpusdes of the Tree-frog, treated with a weak 
solution of chromic acid ; a, corpuscle with the proto{)lasm contracted in the form 
of a star ; 6, the protoplaon entirdy contraoted upox^he nucleus ; c^ granular 
appearance of the farotoplasm. 

Fio. 58. — Infusorium found in the blood of the Tree-frog. 

Fio. 59. — Coloured blood-corpusdes of Man ; a, front view ; (, side view. 

Fio. 60. — ^Various forms of coloured blood-corpusdes of Man, produced by a 
partial contraction of the protoplasm. 

Flo. 61. — Coloured blood-corpusdes of Man, exhibiting spontaneous motion. 

Fio. 62.— Coloured blood-corpusdes of Man, treated with water. 
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body, with a clear border, limited by a fine thongb yery distinct 
eontonr. The inner contour of the apparent wall is, as in the pre- 
ceding form, represented by the outlmes of the zone of grannies^ 
which here, however, is of greater breadth ; while the outlines of 
the individnal grannies are considerably darker ; the greenish tint 
of the zone is also more decided. There are no large grannies nor 
a nucleus observed in the interior, though it may be supposed that 
they exist, but are hidden by the dark-bordered granules. The 
lighter tint of the body at its centre, compared with that at the 
periphery, is, of course, due to the difference of refraction existing 
m the rays of light passing through the body, the central rays being 
less refracted than those nearer the periphery. The third form 
(e), still larger than the preceding, encloses a distinct and perfect 
nucleus. The interior of the body appears to be completely filled 
with the dark-bordered granules of a now very decidedly greenish 
tint. When treated with water, these granules become very 
distinct, while those of the nucleus are di^lved, and the space 
occupied by the latter is rendered clear (d). Fig. 40, e, represents, 
iBa&jy a young coloured blood-corpuscle of an oval form and 
greenish tint. Though the nucleus contains a number of granules, 
it will be observed that the dark-bordered granules of the proto- 
plasm haye disappeared. 

In examining the forms a, h, and e, it becomes obvious that 
they represent ooly different stages of development of one and the 
same body. But the question now arises, whether they began their 
development from a p^ect colourless blood-corpuscle, or from a free 
nucleus. If developed from a colourless blood-corpuscle, that is 
from a nucleus, surrounded by a layer of protoplasm, the first step 
of the process must be a contraction of the latt^ upon the nucleus, 
and a condensation of its outer surface, which is shown by the 
0ven and distinct dark eontour, represented in the drawing. The 
nucleus, of course, would at a somewhat later period assume an oval 
form, in order to represent that of the future coloured blood-cor- 
pusde. In the course of development, the whole body would 
enlarge by the formation of new granules, and finally assume an 
oval form ; at the same time the granules would disappear, and 
the greenish tint be changed into the yellowish colour of the 
mature coloured corpuscle. In regard to the greenish tint, we 
might ask, whether it is not due to the incipient formation of the 
hiemoglobin ? 

If, on the other ^and, these forms arise from a free nucleus un- 
covered by protoplasm, the process must appear more complex; 
for then the granules would have primarily to be formed in the 
interior of the nucleus, and deposited upon the interior surface of 
its wall, while a new nucleus is developed from one of the granules 
of the old one. 

I 2 
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In jndging between the merits of these two explanations of the 
mode of deyelopment of the coloured blood-oorpnscle, the first one 
might appear the most plansible and correct, if there remained no 
other phenomena to be accounted for. One of these phenomena is 
the presence of a considerable number of free nuclei in the drca- 
lating blood. Whether they are young nuclei, resulting &om the 
division of older ones, subsequently surrounded by a layer of proto- 
plasm, or whether they have been only deprived of their layer of 
protoplasm, is difficult to decide. At any rate, in the blood of very 
young animalR about five inches in length, the colourless blood- 
corpuscles are to a very great extent represented by these free 
nucteL In examining the numerous transitory forms of develop- 
ment, represented in Fig. 42, we observe some of these free nuclei 
at a and c, the one oval, the other round ; h and d represent them in 
the act of division. Farther on at e, we meet with a round body 
limited by a dark single contour, and containing no granules what- 
soever, but moreover distinguished by an opaque centre and 
periphery, which are separated by a clear space in the form of a 
zona Presuming that this body arose by a transformation of a 
free nucleus, it may be supposed uiat the granules in the interior of 
this nucleus were at first dissolved into a homogeneous substance, 
fusing with the wall, by which process the double contour would 
disappear ; and further, that subsequently a separation of this homo- 
geneous mass into a central and peripheral portion took place, from 
which finally a new nucleus and the dark-bordered granules, seen 
in the more advanced stages of metamorphosis, were mund. 

Now it really matters not, whether this or the other explanation 
of the first stage of metamorphosis of the colourless blood-corpusde 
into a coloured one be accepted as the correct one, as the resulting 
body in both instances consists of a mass of dark-bordered granules 
of a greenish tint, with a nucleus in its centre, and limited at tiie 
periphery by a distinct and dark contour. In the blood of the 
adult animal this body appears mostly round (Fig. 40, t, c, and cQ, 
while in that of very young animals it is oval ^^. 42, /and g). 
The next stage of transition consists in the gradual disappearance 
of the dark-bordered granules (t, k, Z, and in\ and the appearance 
of a pale yellow colour in place of the greenisn tint. 

^ In the pulp of the spleen, enclosed, as in the higher orders of 
animals, in meshes formed by a dehcate fibrous tissue, the same 
forms of colourless blood-corpuscles are observed as in the circu- 
lating blood (Fig. 41). 

UL the blcod of very young animals the frdly-developed 
coloured blood-corpuscles present the same characters as those of 
the adult. They are somewhat smaller, especially in breadth, and 
the nucleus appears more distinct, shovnng clearly its doable 
contour (Fig. 43). 
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Ab has been mentioned before, chance fiivonred me in throwing 
a oonsidarable nmnberof the eggs of the Amphiuma into my hands, 
enabling me to examine the blood of the embryos contained within« 
It is not often that the nest of this animal is found ; and as there 
are several characteristic points connected with its eggs, which may 
prove of some interest to the zoologist, I shall teiefly mention 
them. 

The Amphiama chiefly inhabits the mad of low waters and 
ditches of the swampy lands alon^ the coast of iJie Gtilf of Mexico. 
Considering its eel-like form and minnte mdimentary extremities, 
it miffht be supposed that its habits were entirely aquatic, and that, 
accoidingly, its eggs would be deposited and hatched, like those of 
other Amphibia, as the Frog, upon the water. This is not the case ; 
on the contrary, the resting place of the animal seems to be a sub- 
terranean hole with an entrance just above the margin of the water 
in the ditch or pool. In this hole it deposits its eggs. In most 
instances the nest is accidentally discovered, when a fresh ditch is 
dug in the vicinity of an old one. The animal is then found 
encircling the whole mass of eggs with its body. The number of 
eggs, from what I have learned from trustwormy witnesses, must 
be enormous ; and judging from the expression, " a hatful," used 
by my friends in giving an idea of the amount, there must be at 
least a thousand or more in one nest A small portion alone of 
the contents of a nest, sent to me by a friend, consisted of about 
two hundred eggs. Long before I saw these eggs myself^ I had 
been told by some of my friends, among the Grerman and French 
gardeners living in the vicinity of the lower parts of the city, and 
kindly supplying me with animals for my researches, that the eggs 
were attached to each other, resembling a string of beads or rosary. 
Not knowing any vertebrated animal,* the eggs of which were 
held together in this manner, the story, of course, excited my 
doubts, but proved to be true in the sequel. The form of the egg 
measures about 14 mm. in length to 11 mm. in breadth. The egg- 
membrane consists of two layers, the external one, being continuous, 
forms the mutual connection between the neighbouring eggs 
(Fig. 45). Both layers of the membrane are transparent in such 
a decree, as to allow the study of every part of the embryo within. 
A thm serous liquid fills up the interior of the egg, and the embryo, 
being heavier than the liquid, rests upon the lowermost portion of 
the egg, returning always to this position whenever the egg is 
sudd^y turned. As is shown in the drawing, its body is curled, 

* Among the Invertebrata the eame phenomenon is met with ; in some 
varieties of Limax, a species of snail here, the oonnection is also formed by the 
outer layer of the egg-membrane passing from one egg to the other. These are 
the only instances known of a direct oonnection between the eggs. In some 
other snail families the eggs are found to be only imbedded in tubes or bands 
consisting of a mucilaginous material. 
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in order to adapt itself to the form of the space which encloses it. 
Liberated from the egg and put in water, the body of the embryo, 
with the exception of the tail, straightens itself. Fig. 46 repre- 
sents one of these embryos nnder water, of the natural si^e ; Fig. 
47 represents an enlarged portion of it. How far these embryoe^ 
were advanced in their deyelopment, the reader may judge himself 
from an examination of the drawings. I will only add that the 
greater part of the tissues still consisted of what we may call 
-'embryonal cells"; of course of different forms and diameter. 
The spinal column was just beginning to be formed. The circu- 
latory apparatus of the blood, as can be seen in the drawings, 
where the blood-vessels are represented in black, had very consider- 
ably advanced in development, for the rhythmical contractions and 
dilatations of the heart, represented by a prominence (Fi^. 47) 
below the neck of the animal, were distinctly seen. The olood- 
vessels represented in black in the drawing, appeared in nature 
bright scarlet. While the head, neck, and posterior half of the 
body, owing to the commencing formation of the skin, was of a dark 
colour; the anterior portion, representing the future thorax and 
abdomen, was yellow, representmg the remains of the vitellus, 
though abundantly suppued with blood-vessels. No trace of the 
development of the lungs or of any of the abdominal viscera could 
be discovered. The respiratory function was performed by two 
pairs of delicate leaf-shaped branchia, arising from the sides of the 
neck. Consisting entirely of large delicate embryonal cells, they 
were very transparent, offering not the slightest obstacle to the 
passage of the light during the study of the circulation of the 
blood. In &cty owing to the enormous size of the blood-cor- 
puscles, as well as to the transparency of the membranes, the 
corpuscles could be distinctly seen as they were swiftly passing 
through the vessels, even through the egg-membrane, with a 
1-inch objective, and illuminated with the daylight reflected upon 
the egg. The hfe of the embryos is very tenacious, for their blood 
may be seen still moving through the vessels of their branchiffi six 
hours after they were removed from the egg and kept in water. 
By covering the eggs with a damp cloth, the embryos within may 
be kept alive for five or six days. 

As regards the blood-corpuscles of these embryos themselves, 
they have almost the same appearance as those of the fully- 
developed animal already descrioed. The only difference to be 
noticed consists in a greater delicacy of structure, and in their 
smaller size, their long diameter amounting only to i-f^ mm. ; 
their colour also is of a paler yellow. In some of these blood-cor- 
puscles I have observed the nucleus in the act of division. Treated 
with water, they distinguished themselves from those of the adujt 
animal by not parting so readily with their colouring matter. 
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Bnt one of the most interestiiiff facts which I observed in the 
blood of these embryos, and to which I wish to direct the attention 
of other observers, was the entire absence of the colourless liood- 
corpuscles ; not a single one conld be found. And this fact corro- 
borates what I formerly asserted in my paper '' On the Origin and 
Development of the Coloured Blood-corpuscles in Man/' published 
in the ' Monthly Microscopical Journal ' of February, 1874, namely, 
(hat the Uood of the embryo contains no colourless blood^sorpusdes 
prior to the development of the spleen or lymphaMc glands. 

The particular view regardmg the structure of the coloured 
blood-corpuscles of Amphiuma tridaetylum, which I formed after 
comparing the facts ehcited by the microscopical examinations of 
these bodies, I have already partly exposed in the preceding portion 
of this paper. It corresponds in its chief points with that which I 
have entertained and expressed before. The following represents a 
summary of the conclusions to which I finally arrived. 

The coloured blood-corpuscle in question, as well as that of other 
Amphibia, represents an organic cell, consisting in its normal condi- 
tion of a homogeneous protoplasm, surrounding a nucleus. That 
part of the protoplasm mrming the outer surfiaice of the blood-cor- 
puscle seems to be of a greater density than the rest. In conse- 
quence of this circumsteuQce, a membrane-like stratum or la^er 
(membraneous laver) is formed, possessing no distinct inner limita- 
tion, as would otherwise be indicated by the presence of a distinct 
second contour, but maintaining its connection with the underlving 
protoplasm by its homogeneousness of composition. In the nesh 
condition the membraneous layer is seen in the form of a dear, 
narrow border of a greenish tint. But when the protoplasm 
surrounding the nucleus and underlying the ^ membraneous layer " 
becomes dissolved, or otherwise altered by the action of water or 
ottier reagents, this layer assumes the appearance of a distinct cell- 
wall, characterized by the presence of a distinct double contour. 
The colouring matter (haemoglobin) of the blood-corpuscle does not 
seem to be chemically unit^ with the protoplasm, but to exist 
rather in the form of an intimate mixture with the latter, similar 
to that of the oxygen and nitrogen composing our atmosphere. In 
this form it existe, either equally distributed throughout the whole 
mass of the protoplasm, or, judging firom my observation, repre- 
sented in Fig. 13, perhaps only in the form of a stratum beneath 
the membraneous layer. The latter supposition remains an open 
question. Whether the haemoglobin penetrates the membraneous 
layer I am not prepared to deciae. The readiness with which the 
colouring matter escapes from the blood-corpusdes, even by the 
action of very weak reagents, such as water or some gases, seems to 
indicate that the mutual connection between the haemc^lobin and 
the protoplasm is of a feeble nature. 
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The membraneous layer of the blood-oorpnscle seems to be 
endowed with a certain degree of elasticity, manifesting itself in the 
expansion and contraction observed when the blood-corpnscle is 
subjected to the action of water or other reagents. While the 
expansibility is but very slight, its contractility is considerable, as 
has been seen, when treated with a solution of hydrated chloral, 
chloroform Uquid, or some other agents. While the protoplasm may 
be dissolved by water, dilute acetic acid, and some other reagents, 
it seems to undergo coagulation by the action of hydrated chloral, 
nitric acid, &c., assuming certain forms during this process. 

The nucleus represents an oval vesicle, containing most probably 
a more or less dense liquid with a number of larger and smaller 
granules. After first expanding, these are finally dissolved by the 
action of water, causing at the same time a simultaneous increase 
in the volume of the whole contents, and an expansion of the wall 
of the nucleus. The hquid resulting from the dissolution of the 
granules may be rendered granular bv the action of some acids. 
The nature of the granules and liquid contents of the nucleus is 
heterogeneous with that of the protoplasm of the blood-corpuscle, 
they being in most instances differently affected by one and the 
same reagent. 

The manifold changes of form which some blood-corpuscles 
undergo are due to a contraction of the protoplasm ; and as in 
almost every specimen of fresh blood some of these abnormal forms 
are met with, I am incUned to regard these changes as retro- 
gressive; that is, as preceding the death or final disintegration of 
uie blood-corpuscle. 

The Coloured Bloodrcorpuscles of the Frog (Sana pipiens). — 
It is lor the sake of comparison that I propose to enter into a dis- 
cussbn of the structure of the coloured olood-corpuscles of this 
animal, a subject which has repeatedly been studied and discussed 
by almost every prominent histologist. The very fact that frogs 
are found in almsot every country where histological science is 
cultivated, and that their blood, being easily obtained, has thus 
become a common object for microscopical examinations, prompts 
me to demonstrate that the phenomena observed on the coloured 
blood-corpuscles of these animals differ but very little from those 
observed on the blood-corpuscles of the Ampbiuma, and that it is not 
the enormous sii^e of the latter which alone renders these phenomena 
so conspicuous to the observer. For this reason it cannot but 
appear strange that some of the most prominent pconts relating to 
the structure of these bodies should have passed entirely unnoticed, 
and furthermore that such palpable phenomena should have given 
rise to fanciful theories and speculations as mentioned in the intro- 
duction of this article. 

The coloured blood-corpuscles of the Frog resemble in form and 
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fitructore, as well as in most chemical and physical properties, those 
of the Amphioma; it is only in size that a very considerable 
difference exists between them. For while in the Amphinma the 
length of these bodies ranges from about -r^xr to -r^ nmL, they 
only attain a length of ^i^j^ to y^ mm. in the Frog. And even 
in the latter their size depends to a certain extent upon the average 
size of the particular species. Thus I have found the largest cor- 
puscles in tiie blood of those giants among the frogs (Fig. 48, a 
and b), the bull-frogs, which attain a length of from twelve to 
thirteen inches, measured from the nose to the toes. 

The difference of colour which I described to exist between the 
border and the rest of the blood-corpuscle of the Amphiuma, may be 
equally observed, not only on the blood-corpuscles of the Frog and 
otner Amphibia, but also on those of Birds. While the main part 
of the corpuscle, as will be remembered, is of a dirty yellow, the 
border islBtbguished hv a greeniBhtint ; and~SJigh there 
exists no distinct line of demarcation between the two colours, 
representing an inner contour, this nevertheless appears under 
obtain conditions, just as in the case of the blood-corpuscles of the 
Amphiuma. The various changes of form which we have been 
noticing to take place in the latter in their fresh condition, and 
which depend on a contraction of the protoplasm, do not occur to 
such an extent on the fresh blood-corpuscles of the Frog. Not 
unfrequently, however, corpuscles are met with, in which by a con- 
traction of the protoplasm this part of the corpuscle has in some 
places become separated from the membraneous layer. Here a 
vacuum is left between the latter and the retracted protoplasm 
(Fig. 49), in consequence of which the membraneous layer mani- 
fests itself by a double contour. By an oblique illumination the 
inner contour, representing the place of separation of the membra- 
neous layer from the protopla^, is rendered darker and more 
distinct. 

This phenomenon, frequently observed on fresh coloured blood- 
coxpusdes of >the Frog, teaches us that, under certain conditions still 
unknown, a separation of the protoplasm from its membraneous 
layer may occur, and extend over a greater or smaller space. Now, 
if such a separation, accompanied by a simultaneous contraction of 
the protoplasm upon the nucleus, occurs in a number of places, 
representing regular intervals between a number of small points, at 
wnich the union of the protoplasm with its membraneous layer 
remains undisturbed, that peculiar appearance or star-like form of 
the blood-corpuscle is proiiuced which has given rise to those 
theories concerning the structure of these bodies, spoken of before. 
8uch forms are said to be specially obtained in the blood of 
Amphibia by the aid of water, or by a 2 per cent, solution of 
boiacic acid. Though I have not succeeded in producing these 
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forms by these means, I have prodnced them by the action of a 
very weak solution of chromic add. Bnt having, moreoyer, observed 
them naturally to occur in the fresh blood of tne Frog, and also in 
that of a young Amphibia (Fig. 44), I have taken the view that 
the reagent plays only a subordinate part, as £u: as the production 
of these peculiar forms of blood-corpuscles is concerned ; t ney rather 
depend on a peculiar condition of the protoplasm, &youring the 
separation from the membraneous layer. And, indeed, the case 
appears to me so plain, that I can harmy conceiye how it ever could 
have become a puzzle, even to some eminent histologists. For if 
we only imagine such a condition to exist throughout, where the 
protoplasm insensibly blends with the membraneous layer, and that at 
the same time a contraction of the protoplasm should take place, an 
entire separation of these two parts of the blood-corpuscle must 
evidently be the result. The protoplasm in such a case retracts 
upon the nucleus, which it completely surrounds, while the mem- 
braneous layer appears isolated, manifesting itself by a delicate 
double contour. And again; if the same process should take place 
vrithout entirely separating the protoplasm &om the membraneous 
layer, but leaving at certain small points a union between the two 
parts, the result must be the production of a number of filamentary 
processes, arising from the main bulk of the protoplasm and 
passing to those points of the membraneous layer. Of course, 
these processes are drawn out during the contraction of the proto- 
plasm (Fig. 44). In the fresh blood-corpuscles the contraction of 
3ie protoplasm must be attributed to natural though at the present 
time unknown causes. In those instances where the peculiar 
form of blood-corpuscles is produced by means of certain reagents, 
I suppose that a condition favouring the separation of the proto- 
plasm from the membraneous layer pre-exists, but that the con- 
traction of the former is called forth by the action of the particular 
reagent used. A representation of these star-like forms of blood- 
corpuscles artificially produced, and on a lar^e scale, will be found in 
fig. 73, accompanying Bollett's article ^' On me Blood," in Strieker's 
' Handbuch der iJehre von den Gbweben, &c.' The double contour, 
representing the membraneous layer, seems to have been over- 
looked in this drawing. Fig. 57 of my own drawings repre- 
sents these forms on a smaller scale, produced on the coloured 
blood-corpuscles of the Tree-frog (Hyla) by the action of a veiy 
weak solution of chromic acid. At a the protoplasm has contracted 
in the form of a star, while the isolated membraneous layer mani- 
fests itself by a delicate double contour ; at h the processes of the 
protoplasm also have, bv a continued action of the reagent, become 
separated from the membraneons layer, and retracted into the general 
mass of the protoplasm, covering the nucleus. 

Among the fiiesh blood-corpuscles of the Frog, stiU other forms 
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than those just discnsBed are produced by the oontraction of the 
protoplasm, and not tinfreqaently met with in examining specimens 
of blood. Thus, blood-corpnscles with irregular sharp ridges or 
spines, projecting from their snrface (Fig. 50), will be observed. 
It must be obvious to the observer that these forms resemble those 
thomrapple forms which are of quite common occnrrence in hnman 
blood. 

When the coloured blood-corpnscles of the Frog are treated 
with water, the same phenomena are observed as have been 
described in connection with the blood-corpnscles of the Amphioma. 
Their colouring matter gradnallj disappears, nntil they are rendered 
entirely colonrless. But their outlines do not become invisible; 
on the contrary, they appear now in the form of a delicate double 
contour (Fig. 51, a and o), representing the membraneous layer of 
the blood-corpuscle. In some instances the outlines appear wavy 
or crenated; of the probable cause of this appearance I have 
attempted to give an explanation in connection with the blood- 
corpuscle of the Amphiuma. As in the case of the latter, the 
granules contained in the nucleus are also dissolved by the action 
of water, while the whole body expands. Treated with a very weak 
solution of chromic acid after having been acted on by water, the 
deUcate contour of the blood-corpuscle, as well as that of its 
nucleus, appears at once darker (Fig. 52), while a few granules 
reappear in the latter. 

When the blood-corpuscles of the Frog are exposed to the 
action of the vapour of acetic acid for about one minute, the proto- 
plasm is observed to coagulate in the form of small granules, while 
the membraneous layer, represented by its double contour, remains 
unaltered. At the same tmie, the former contracts, leaving a dear 
space between itself and the nucleus (Fig. 53). Treated vnth the 
hquid acetic acid in a diluted form, the blood-corpuscles are 
rendered entirely colourless, but bordered by a delicate double 
contour ; while uie nucleus becomes dark bordered. 

Subjected to the action of chloroform vapour for several 
minutes, these blood-corpuscles are discoloured, and their outlines 
rendered very £unt, almost iavisibla When in this condition they 
are treated vnth a very weak solutioD of chromic acid, their outlines 
will reappear in the form of distinct dark double contours, together 
with numerous granules distributed throughout the int^or (Fig. 
54, a). • In some instances {h and e) a number of these granules 
are observed to be arranged in lines, radiating from the nucleus 
toward the periphery. Sometimes the blood-corpuscle assumes 
the form of a dumb-bell (d). 

The e£fect produced on the blood-corpuscles of the Frog by the 
action of a strong solution of hydrated chloral, differs somewhat 
from that observed on these bodies in the blood of the Amphiuma. 
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The first changes eonsist in the formation of a number of distinct 
wrinkles on the surface of the corpuscle (Fig. 55, a), which, how- 
ever, disappear again with the continued action of the reagent ; at 
the same time numerous granules appear in the protoplasm (b\ 
while the membraneous layer manifests itself by the usual double 
contour. An interesting specimen with which I met is repre- 
sented at c; here the membraneous layer of the blood-corpusde 
has burst, and the homogeneous protoplasm is seen to escape &om 
the interior. Next, if ti^e action of the reagent continues, the 
granules in the protoplasm disappear again, the corpuscle appearing 
perfectly clear (d) ; and finally, eyen the membraneous- layer is dis* 
solyed, so that nothing remains but the nucleus. 

The Coloured Blood-corpvsclea of the Tree-frog {Hyla\ repre- 
sented at Fig. 56, a and h, resemble in every respect those of JBana 
fipienSy except in size ; for they only measure about yf^ mm. 
m length. The frequent occurrence of blood-corpuscles with 
certain portions of their bodies wanting, and appearing as if these 
had been removed by means of a sharp instrument (Fig. 56, c), 
has already been mentioned in the beginning of this article, with 
an attempt to explain this phenomenon. The changes observed to 
take place in these corpuscles by the action of a weak solution of 
chromic acid, as represented in Fig. 57, a, &, and c, have also been 
referred to before.* 

The Colou/red Bhod-eorpuscles of Man. — The investigation 
of these blood-corpuscles, together with those of all other Mam- 
malia, is, in consequence of their small size, rendered much more 
difficult than that of the large blood-corpuscles met with in the 

* I take the opportanibfr of mentioning the presence of an Infnsoriom in the 
blood of the Tree-nog, whioh I obeeryed during three euooessive years in every 
individual of the species examined. Mr. E. Bay Lankester descnbed a similar 
animal, in the * Quarterly Journal of Microscopical Science ' for 1871, which he 
had discovered in the blood of Rana escvienta^ and which he named Undvima rano- 
rum. As I am not sure of tho exact identity of the animals observed, I do not 
hesitate to allude to the subject in this place, if only for the purpose of cor- 
roborating the fact previously discovered. The Infusorium which I observed 
(Fig. 58) belongs to tne Flagdlata, as the long whip or flagellam with which it 
is provided indicates, and is found in constant motion, alternately coiling its body 
in one or the other direction into a spiral form. On the convex side of the coil a 
number of teeth-like processes are observed in constant and rapid motion, giving 
to this part of the body the appearance of a cog-wheel turning in one direction. As 
the animal is never seen at rest, but alternately coiling and uncoiling its body, 
the examination of this part of its locomotive apparatus is rendered very difficult. 
The motion appears not to be owing to the vibration of cilia ; it rather seems to 
be produced by minute transverse folds successively arising in one direction in the 
integument of the creature, in the same manner as waves do in the water wlien 
a heavy body falls into it. With the object of rendering the motions of the animal 
slower for ooservation, I have treated the preparation vrith several reagents with- 
out any advantage ; for the animal, in dying, roUs itself up iuto a confused mass. 
These Infusoria exist in considerable numbers in the blood of the Tree-frog ; a 
small drop, of the size of a pin's head, when spread into a thin layer under the 
microscope) may be found to contain about a dozen individuals or more. 
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animals of the remaming clBSses of the Yertebrata. While the 
latter, to which those of the Amphimna and the Fro^, discussed in 
the preceding pages, belong, are distinguished by their large size, 
by tneir ovtJ and bi-convex form, and moreover by endosiog a 
conspicuous nucleus, giving them the character of a oomptete 
organic cell, the blood-corpuscles of the Mammalia are more mmute 
in their dimensions, round and bi-concave in form, and embracing 
no nucleus, they rather represent an organic cell of a more simple 
construction. Accessible at all times, me blood-corpuscles of Man, 
especially, have always been a favourite object for microscopic 
examination; and owmg to the important part which they play 
in the organism of Man, their nature has been studied and diEh 
cussed by anatomists and physiologists over and over again. For 
this reason I should forbear from making any further remarks on 
the structure and nature of these bodies, if I were not conscious of 
the fact that, notwithstanding the numerous investigations already 
made, the subject has not in all cases been fedrly dealt with, and 
is therefore not yet exhausted. On the contrary, in order to 
finally settle the question whether the coloured blood-corpuscle of 
Man possesses or not an enveloping membrane, a re-examination 
of the subject becomes necessary, pc^cularly b^ those histologjsts 
who deny the existence of such a membrane m any form. The 
coloured blood-corpuscle of Man shows a double contour under 
various circumstances and conditions, indicating the existence, if 
not of an enveloping membrane, at least of a membraneous layer 
on its snr&ce ; and anyone who chooses to examine these bodies in 
the manner to be described hereafter, will be convinced of this 
&ci 

It is an admitted fact that the coloured blood-corpuscles of 
Man represent minute bi-concave disks (Fig. 59, a and h) with 
rounded margins, and of a diameter of about ^^ mm. They are 
very delicate in substance, and being elastic and flexible in an 
unusually high degree, are enabled to resume always their original 
form, when distorted bv mechanical causes. In fiBu;t, the momentary 
changes of form, which they are constantiy undergoing when float- 
ing in the liquor sanguinis, are owing to the great deUcacy and 
elasticity of their protoplasm. In examiniDg them under the 
microscope with a simcient amplification, we observe that the most 
feeble current arising in the liquid in which they float, disturbs 
their form, either directly or by causing individual corpuscles to 
touch each other in passing, or also by calling forth a mutual 
pressure in a greater number of blood - corpuscles. When a 
coloured blood-corpuscle of Man is examined in the state of rest 
from tiie front, its outline appears perfectiy round. Being put in 
the proper focus^ so that its outlines appear the most distinct, its 
centre, to the extent of about one-third of the whole diameter. 
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appears light. Proceeding toward the periphery of the corpuscle, 
a dight shade is seen to arise from the lignt centre^ which, after 
somewhat increasing in depth, is gradually lost, to be followed by 
the high light, representing the convexity of the margin (Fig, 
59, a). This variation of light and shade is of coarse caused by 
the form of the corpuscle. The convex margin appears most 
illuminated at the highest part of the convexity, where the rays 
of Ught passing through it undergo no, or very httle, refraction, 
while more or less shade must appear, by virtue of the refraction of 
light, at that part of the surface which inclines toward the centre, 
and forming a part of the concavity ; the centre finally being the 
thinnest portion of the corpuscle and very nearly fiat, must, &om 
the absence of almost any refraction, appear Ught Owing to the 
rounded margin of the blood-corpuscle, its very outlines do not 
appear distinctly and sharply defined ; on the contrary, a delicate 
snade is observed at the very edge, which soon disappears in the 
high light of the convexity. No trace of the existence of a mem- 
brane or a membraneous layer can be discovered in the fresh blood- 
oorpuscle of Man. When brought into the exact focus, it appears 
encozcled by a distinct narrow ring of a pinkish tint, much lighter 
than the rest of the surrounding liquor sanguinis ; this phenomenon 
is probably owing to the corpuscle refracting the light toward its 
less refractive liquid medium. The appearance of the coloured 
blood-corpuscle of Man in exact profile is peculiar, and corresponds 
not to the bi-ooncave form, in which it is so often erroneously 
represented. BecoUecting that its body represents a minute round 
plate or disk, the periphem portion of which, besides being convex 
and rounded at its border, is twice as thick as the central, which 
is concave, and further, that it is perfectly symmetrical at all points, 
it becomes evident that the outlines of its profile must be repre- 
sented by two straight and paraUd lines, connected at their ex- 
tremities by two semicircular ones ; and accordingly the side view 
of the corpuscle could not reveal the concavity of the central 
portion. But if a vertical section were made through the centre 
of the corpuscle, the outlines of the cut surfieice would be repre- 
sented by two slightly curved lines, which directing their convexity 
toward each other, are connected by semicircular lines, showing 
not only the bi-concave form of the central, but also the convex 
and rounded form of the peripheral portion of the body. 

The contour of the coloured blood-corpuscle in profile, though 
in reality corresponding to the above description, may nevertheless 
appear differently when the object is carelessly examined, and 
instead of being represented by two straight and parallel lines, 
connected by semicircular ones, its sides may appear bi-concave, 
resembling the outlines of a section through the centre, as before 
described. The cause of this optical illusion must be sought in the 
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great traiiciparency and refractiye power of the protoplasm, of which 
the blood-corpiLBcle consistB, and it is this circumstance which has 
caused those erroneous representations of the profile of this body, 
heretofore alluded to. 

In examining, therefore, a coloured blood-corpnsde in exact 
profile, the contour, which first strikes our eye, is a dark one, 
resembling in shape that of a section of the corpuscle (Fig. 59, 6), 
and showing the concavities of the two surfaces. A closer examina- 
tion, however, will reveal two distinct straight lines, being the true 
outlines of the sides of the profile, and extending on each side 
from one convexity of the dark contour to the other, as may be 
seen in examining the drawing. With the least movement made 
by the blood-corpuscle, the view of the exact profile will be lost, 
and a portion of the front surfEuse of the object will be presented. 
At and near the median line the object appears very hght, this 
being the part representing the middle of the convex margin, 
where the rays of light, after having passed through the corpuscle, 
undergo the least refraction, and where, moreover, all rays refracted 
at the convex surfeu^, meet in the same focus. Thus, the true 
contour of the profile of the blood-corpusde in question, in reality 
represented by two straight and parallel lines, connected by two 
semiciicular ones, nevertheless includes another contour, repre- 
senting the section of the object. This singular appearance, owing 
to the transparency and the great refracting power of the substance 
of the blood-corpusde, as- well as to its peculiar form, will be 
rea^br understood by Ihe reader. 

The true profile of the blood-corpuscle is most &vourably seen 
when this body is floating in the hquor sanguinis, and turning 
slowly around its long or horizontal axis. Owing to the great 
delicacy of its substance, the corpuscle is very apt to bend upon 
itself in various ways, from the sUghtest resistance it meets in its 
course when floating in this liquid ; and it is for this reason that 
a good view of the profile is not always obtained. A correct view 
can only be obtained when the corpuscle remains stationary for a 
&w seconds, with the full profile turned towards the eye of the 
observer. The slightest motion, as mentioned before, will present 
a portion of one or the other front surface and interrupt the view. 

The colour of a single blood-corpuscle, when seen under the 
microscope, is not a yellow, as has been stated sometimes, but more 
of a Uffnt greenish tint It is only when a number of corpuscles 
are colSacted into a small mass or group, and resting upon each 
other, that the original greenish tint merges into a yellow. With 
the increase of the thickness of the mass, the yellow becomes 
darker, and finally passes into the scarlet red, as seen in a drop of 
blood* 

Soon after a small drop of human blood has been put on the 
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glaas slide and coyeied with the plate of thin glass, a number of 
blood-oorpnsdes are observed to change in varions manners, and in 
a slighter or greater degree, their origmal form. In some instances 
the convex peripheral portion of the corpnsde appears to shrink in 
thickness at one point, while the rest of it swells and gains in 
diameter, so that the whole body assumes a wedge-like form (Fig. 
60, a and /). In other instances the blood-oorpnscle assumes the 
form of a snallow basin, an appearance which is very probably 
caused by a contraction of the convex border of only one surfEtce, 
by which process the concavity on this sur£Eice increases in depth, 
while the other surface is rendered convex instead of concave. If 
the contraction continues, the corpuscle assumes the form of a deep 
cup. Whether during this process the central portion increases in 
thickness, while the convex periphery is rendered thinner by the 
contraction, is difficult to determine ; but that the contraction takes 
place only on one surface of the convex margin is obvious ; for if 
it occurred throughout the whole margin, the corpuscle would not 
become cup-shaped, but would preserve its original form of a disk, 
though its central portion might gain in thicmess, whUe the con- 
cavities of its surfaces would decrease in depth or entirely disappear. 
Sometimes the convexity of these cup-shaped forms terminate in a 
conical protuberance, as seen in Fig. 60, e. There is another very 
singular form observed, difficult to describe, but resembling in some 
respects the wedge-like form, with the exception that the narrow 
portion of the wedge, inst^ of being straight, assumes here 
the form of a Y, showing that the body must be three-sided 
(Fig. 60,^). 

Intermediate forms, sunilar to those above described, are ob- 
served (Fig. 60, h, c, and d) ; but it will be noticed that in all these 
instances it is only a portion of the protoplasm of the blood-eor- 
puscle which is contracting, while the rest is expanding in com- 
pensation of the contraction. There are, however, other changes 
occurring in the form of the corpuscles, ovnng to a contraction of 
the protoplasm throughout the whole body, and accompanied by a 
considerable diminution in size. As the result of such a contrac- 
tion, we may regard those feuniliar forms of blood-corpusclee, 
generally compared to a mulberry or a thorn-apple. These, when 
occurring on the blood-corpuscles of fresh blood, and without the 
action of a reagent, have generally been attributed to the evapora- 
tion of the liquor sanguinis. With the increase of the density of 
this liquid, namely, an exosmotic current from the blood-corpuscles 
is supposed to be induced, causing shrivelling of the corpuscles. If 
this view were correct, those corpuscles nearest to the edge of the 
drop of blood should first undergo the changes in question. But 
this is not the case ; on the contrary, single mulberry or thorn- 
apple shaped blood-oorpusdes are observed among the mass of 
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unaltered ones in the centre of the preparation, immediately or 
soon after the blood is placed on the slide. Soon after, other 
individual corpuscles are seen to assume these forms, the number 
increasing witn the time, until finally whole groups or the entire 
mass may undergo this change. In other instances, considerable 
portions of the blood-corpusdes of the preparation may, soon after 
the blood is put upon the slide, contract at once, and assxune the 
thorn-apple form, appearing almost as if affected by a general 
contagion. The thorn-apple form may even be produced by the 
action of water, as I have observed. The form of the blood-cor- 
puscle, when gradually and slowly undergoing these changes, seems 
to pass through several phases. The first deviation from the 
origmal form observed, consists in minute elevations or protuber- 
ances, arising firom the surface of the corpuscle at its rounded 
margin, thence, while increasing in number, extending over the 
entire corpuscle. Next, the protuberances, at first of a conical 
form, become gradually smaller in diameter at their base, while 
their points or summits enlarge to assume the form of a knob, 
resembling a granule. It is at this stage of the change that the 
form of the blood-corpuscle has been compared to that of a mul- 
berry. As the change continues, the globular projections become 
thinner, until finally they are transformed into minute, sharp 
spinous processes. In this state the blood-corpuscle resembles a. 
thorn-apple. But it is not necessary that, when the change of 
form has once set in, it should pass tnrough all the stages to the 
ultimate thorn-apple form ; on the contrary, the contraction may 
cease at any stage of the process, or even cause at once the mul- 
berry or thorn-apple form. Very little alteration in the general 
form of the corpuscle is observed to take place by this process ; it 
is not rendered spherical, as might be supposed, but represents still 
a disk, though the concavities may have disappeared from its surfaces, 
or even be converted into convexities. 

In the beginning of this paper, when describing the changes 
observed to occur in the form of the fresh giant blood-corpuscles 
of Amphiuma tridactylumy I related an instance (Fig. 11) in 
which I distinctly observed a spontaneous expansion and contrac- 
tion occurring in one of these lK)dies. This was the only case of 
n>ontaneous motion I ever met with in the blood of the Amphibia, 
though in the coloured blood-corpuscles of Man 1 had witnessed 
this phenomenon as early a^ in the summer of 1871. In examining 
a specimen of human blood, and whilst my attention was directed 
to the coloured corpuscles as they were carried along by a moderate 
current of the liquor sanguinis under the covering glass, I noticed 
on some of them the projection and immediate withdrawal of 
minute, conical, thorn-like processes (Fig. 61, a), whenever one 
blood-corpuscle came into the vicinity of another, without, bow- 
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ever, aetnal contact. It seemed almost as if one oorpusde were 
attracting or drawing out the thorn-like process from the sur- 
&oe of we other. In other instances, howeyer, I obserred the 
shooting forth and qnick withdrawal of these processes from the 
margins of corpuscles not in dose vicinity to others (Fig. 61, 
h, Cy and d). As these processes appeared at the marginal surfaces 
of the blood-corpnscles, before the latter had come in contact with 
other of their fellows, I naturally regarded the phenomenon as 
one of spontaneous motion, manifested by the coloured blood-cor- 
puscle. But as in most instances the phenomenon was observed 
in corpuscles passing near each other, I was inclined to attribute it 
to a certain power of mutual attraction, residing under certain 
conditions in the coloured blood-corpuscle. Having taken the 
precaution of slightly warming the glass slide before putting the 
olood, quickly taken from the vessels of the skin of a vigorous 
young man, upon it, and the temperature of the surrounding air 
being 96'' F., or even more at the time, I also considered a certain 
amount of heat, at least 98^ F., as essential to the manifestation of 
the phenomenon. This view, however, proved to be erroneous, as 
I shall show directly. Although I have witnessed this phenomenon 
on blood-corpuscles when in a state of rest, it nevertheless is more 
frequently observed on blood-corpuscles in motion, as when they 
are carried along by a current, arising in the specimen under the 
covering glass, and resembling in character tne current of the 
blood in Vie capillary vessels. With this view the drop of blood 
should be thinly spr^ upon the glass slide, and quicMy covered 
with the thin plate of glass. Wmle the blood-corpuscle is pro- 
jecting the thorn-like process, its body elongates, resembling a 
uni-polar cell, but with the withdrawal of the process, generaJly 
assumes its original round form; bi-polar or lemon-shaped cor- 
puscles are also frequently met vrith in specimens of human blood. 
The same process is also observed when the margins of two 
corpuscles actually touch each other very slightly, and then slowly 
separate again. While separating, the thom-like processes wiU 
be drawn out at the exact place of contact, and either remain 
permanent, or disappear again after the separation has taken place. 

That the normal heat of the human blood is not essential to 
the manifestation of spontaneous motion in the coloured corpuscles, 
I discovered during tne past winter, while repeating my exami- 
nations of the structure of these bodies. I then witnessed the 
phenomenon above described, vrithout having warmed the glass 
slide and covering glass, and at the temperature of a moderately 
warmed room. However, I observed a coloured corpuscle of a 
constricted form, similar to a figure of eight, slowly expanding, and 
finiUy resuming its original round form (Fig. 61, e and/). 

]nrom this we may conclude that the coloured blood-corpusde 
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of Man possesses not only a certain inherent power of contracting 
its body, but also of resuming its original form by a subsequent 
expansion, a characteristic property of the living protoplasm^ 
enabling the coloured corpuscle to manifest spontaneous motions, 
though not to so great an extent as is seen in the colourless. 
And, furthermore, keeping in mind this inherent property, a part 
of the difficulty hitherto encountered in tracing tnose various 
spontaneous changes occurring in the form of these bodies to 
their cause, will be removed. 

Nevertheless, as these changes are not only observed to occur 
in different localities of the same preparation of blood, and under 
different circumstances, but moreover are observed to occur in a 
greater or lesser degree in different specimens of blood, when taken 
at different times from the same individual, much doubt will still 
remain as to the true cause of the phenomenon, and the condi- 
tions under which it is manifested. The question therefore arises : 
Do these changes of form indicate progression and development 
and a high degree of vitahty residing in those blood-corpuscles 
exhibiting them ; or are they resultii^ from a loss of vitality, and 
therefore manifestations of retrogression and decay ? In the one 
case, then, they would probably occur on the young, in the other 
on the old corpuscle. 

Without pretending to solve this difficult question, I shall 
venture a few remarks relating to it. I^ namely, the changes 
affectiQg the form of the colomed blood-corpuscle, and evidently 
caused by a contraction of its protoplasm, were indicative of a 
higher degree of vitality or molecular action, we should meet vnth 
a greater number of mulberry and thorn-apple shaped, or otherwise 
deformed corpuscles in the fresh blood. But as, on the contrary, 
the number oi these forms is comparatively small, immediately after 
the blood is removed from the living tissues, and, moreover, increases 
sometimes quite rapidly in proportion to the length of time inter- 
vening, it appears more probable that these changes of form indicate 
retrogreauon, and we may be justified in regarding them as the 
result of the last vital action manifested by the biood-<corpusGle, 
and portending its death. 

In proof of the absence of an enveloping membrane in the 
coloured blood-corpuscles of the Amphibia as well as of Man, it has 
been asserted that they vrill run into and fuse with each oiher by 
mutual pressure. It appears to me strange that such a coarse 
error should ever have been committed; for these bodies never 
run into each other unless they are forcibly crushed into a structure- 
less mass. Even in such a manner it is difficult to destroy their 
individuality, as I shall presentiy show. It is true that when a 
drop of blood is spread upon a glass slide, the coloured corpuscles 
will by mutual pressure l)eoome more or less distorted in siuipe in 
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those places where ihej are pressed upon by the weight of the 
coyering dass. The amount of pressure, and also the more or 
less crowded condition of the corpnscles, will determine the degree 
of deviation from the original ^rm. Thns, when a single cor- 
pnscle is pressed upon, it will simply enlarge in its horizontal 
diameter, while it is rendered thinner and flat. In the case of a 
group, mntaal pressure wiU come into play, causing the corpuscles 
to assume more elongated or otherwise irregular forms ; or, as it 
frequently happens, when the corpuscles are arranged in a single 
kyer, and mutual pressure is exerted upon their margins, they 
will assume a hexagonal form, similar to the ceUs of a pavement 
epitheUum. Finally, when the pressure rests upon a whole mass 
oi corpuscles, they may even assume the form of spindles. At the 
same time, the haemoglobin is seen to escape nrom the blood- 
corpuscles into the surrounding liquor sanguinis. I have observed 
that in cases where the pressure rests upon a mass of corpuscles 
forming the edge of the preparation, their colour appears of a 
dirty brick-red, and darker than in other localities. The cause of 
this appearance I am unable to determine ; perhaps it is owing to 
some process of oxidation going on at the margin of the drop. 

If now a drop of water is applied to the preparation, and its 
effect upon the mass of distorted blood-corpuscles carefully watched, 
it will be seen that the greater part of them, though fused into 
each other, as they may appear, will gradually separate, and resume 
their original shape. If the pressure be kept up for a long time, 
a portion of the corpuscles, though separating, may not entirely 
resume the round form, but remain more or less distorted. 

When a very small portion of human blood is spread upon a 
glass sUde, and, after being covered with the thin plate of guu», a 
drop of water be added to the preparation, it will dilute the liquor 
sanguinis and induce an immediate escape of the hsBmoglobin 
from the blood-oorpuscles, rendering the liquid in the vicinity of 
the latter, according to their number, more or less turbid. At the 
same time the blood-corpuscles will be set in motion, and float 
away into the clearer parts of the liquid. Continuing to part with 
their colouring matter, they are gradually rendered pale, and 
finally appear as mere shadows. If now a portion of the liquid 
is removed by the careful application of a minute point of a piece 
of blotting-paper, and its place filled by a drop of dear water, the 
shadow-like blood-corpuscles will appear bordered by a delicate 
doable contour (Fig. 62, a). The central portion of the corpuscle, 
encircled by the inner contour, appears now of the colour of the 
field, while the margin, included by the two contours, appears 
lighter when put in the exact focus. Of course, only a first-class 
objective of sufficient amplification, say one-tenth of an inch, or 
even higher, should be employed for such an examination. 
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Now the qnestion arises : Does the inner contour represent that 
delicate shade, which I described on the fresh unaltered blood- 
corpuscle as representing the inclination, passing from its thick 
oonyex marginal to its thm and concave central portion ; or is it in 
reality the inner contour of an existing membraneous layer, made 
visible by the solution of the protoplasm within it, as in the case 
of those large nucleated coloured blood-corpuscles of the Amphibia ? 
Let us try to solve this question. A close examination of the front 
surface of one of these blood-corpuscles, affected by the action of the 
water, will reveal that the diameter of the central portion of the 
corpuscle has increased, while that of the peripheral portion, 
representing its convexity, appears much narrower than in the 
fresh specimen. From mis we may judge that there must have 
been some loss of substance in the interior of the blood-corpuscle, 
causing it to collapse in thickness. In other words, the proto- 
plasm, with the exception of a thin stratum or layer forming the 
surface of the corpuscle, was dissolved by the action of the water, 

fiving to the whole the character of a cell. Thus the changes 
rought about by the action of water in the non-nucleated blood- 
corpuscles of Man are similar to those observed under the same 
conditions in the large nucleated corpuscles of the Amphibia. No 
true cell-membrane can be discovered in their normal condition ; 
while in either case a delicate stratum seems to exist at the 
surface of the corpuscle, which, being denser in its nature than the 
rest of the protoplasm, resists longer the solvent action of the water, 
and in consequence manifests itself in the form of a delicate 
double contour. In the human blood-corpuscle this membraneous 
layer, as we have called it before, must be exceedingly delicate, as 
no trace of it can be discovered on the fresh unaltered specimen. 
It is probable, however, that its invisibility in the fresh condition 
is owing to the circumstance of the peripheral portion or margin of 
the human blood-corpuscle being perfectly rounded, while the 
margin of the blood-corpuscle of the Amphibia is almost flat, and 
proportionately thinner, in consequence oi the bi-convexity of the 
whole disk. 

But the fact that a cavity is produced in the interior of the 
blood-corpuscle by the action of water, is rendered still more 
apparent when a specimen is examined in its exact profile, as may 
be seen in Fig. 62, h, where the delicate median line represents the 
cavity. *This can only be done while the corpuscle is float ing in 
the water, and slowly turning around its horizontal axis. When 
the corpuscles, after being altered by the action of water, are 
treated with a weak solution of chromic acid, the double contour 
appears still more distinct. 

The blood-corpuscles of Man do not swell or assume a spherical 
form (as I myself several years ago erroneously believed) by the 



118 Transactions of the Botfai Microscopical Society. 

action of water ; but, on the contrary, with the exception of a very 
slight diminution in size, they preserve the exact form, whether 
normal or distorted, which they possessed before the application of 
the water. Nevertheless, if the water be applied immediately after 
the varions changes of form have taken place, they resnme their 
original shape, as I have observed. 

The presence of a delicate membraneous layer may be farther- 
more demonstrated by a simple experiment on the fresh blood- 
oorpnsdes, and without the assistance of any reagent. I cannot 
forbear to recommend this experiment, particularly to those histolo- 
gists who deny the existence of this layer, in order to convince 
them of their error. It is as follows: — ^A very small drop of 
human blood, about the size of a small pin's h^, is taken and 
placed upon the glass slide. After beinff covered with a smaU 
round covering glass, this is firmly pressed down upon the blood 
by means of the point of a forceps, vnth the object of compress- 
ing or crushing the blood-corpuscles as fsir as possible. For this 
reason, the point of the instrument may be passed over the cover- 
ing gl«8, forthe prnpoee of applying L pSSe to eyery p«t 
of the blood ; or the blood may be rubbed between the two glasses 
until they adhere to each o&er. A subsequent microscopical 
examination will show that it is not an easy matter to crush tnese 
bodies into a homogeneous mass, though they may in some places, 
where they formed small masses, have apparently run into each 
other. In directing our attention to single individuals, we find 
that they have considerably increased in their dimensions by 
having lieen pressed perfectly flat Every trace of their central 
concavities and peripheral convexities, in£cated in their normal 
condition by then: hght centres and by their bright margins, has 
disappeared ; their bodies are uniform in colour or shaded through- 
out, VTith the exception of a light greenish border, similar or even 
more distinct than that seen on the coloured blood-corpuscles of 
the Amphiuma or Frog. On some of them clear streaks, repre- 
senting fissures, caused by a rupture of the membraneous layer 
are observed. Those blood-corpuscles which had assumed the 
mulberry or thorn-apple form before the pressure was applied* 
also vnll be found pressed perfectly flat, with their dimensions 
increased and their margins crenated. The same light greenish 
border, mentioned before, will also characterize in these instances 
the margins of the blood-corpusdes. Some corpuscles hjtve pre- 
served their form of a circle, while the outlines of others appear 
more or less inegular, as kidney-shaped, ellipsoidal, spindle-formed, 
Ac., in accordance vnth the form which they possessed before the 
application of the pressure ; or when pressed into a mass, accord- 
ing to the degree of the mutual pressure exerted upon each other. 
If now a group or small mass of blood-corpuscles in the prepara- 



i 



BhodrcarpfMdes of A. tridadyluM, dtc. By Dr. Schmidt. 119 

tion 18 carefully examined with a first-class objeetiye of sufficient 
amplification^ it will be found that they have not run into each 
other, but that, on the contrary, ^the outlines of almost every 
individual may be discerned, however distorted they may be. 

As in thik experiment the blood^^rpnedes ak p^eaed com- 
pletely flat, they represent minute plates with level surfEuses, 
throngh which the rays of light pass without undergoing mnch or 
any refraction, except in places whe^ a difference in the properties 
of their substance might exist. But, as the membraneous layer is 
probably somewhat differentiated from the rest of the body, it is 
seen at the margin of the blood-corpusde in the form of a li^ht 
greenish border. By applying a drop of water to the preparation 
before it has become cuy, me blood - corpuscles are gradually 
rendered pale and faint; and their greenish borders will now 
appear in the form of distinct deUcate double contours, as described 
before. In proportion to the amount of pressure previously sus- 
tained, they will retain their dimensions and their flatness ; and 
in those places where they were crowded before the application of 
pressure, whether mutual or by the covering glass, and in conse- 
quence much distorted in shape, they will be seen separating from 
each other as the water takes effect, and floating away, presenting 
the same appearances as the others described. 

In the course of my investigations into the structure of the 
coloured blood-corpuscles of Man, I also studied the effect of 
various reagents, such as chloroform, acetic, nitric, and carbolic 
acids, alcohol, as well as solutions of hydrate of chloral, boracic 
and chromic acids, &c., either in the gaseous or liquid form, 
upon these bodies. The changes observed to take plaoe on these 
corpuscles by the action of these agents are, though not in every 
instance exactly alike, yet similar to those we have seen to occur 
on the blood-corpuscles of the Amphiuma or the Frog; they 
mainly consist in the escape or desixuction of the haBmoglobin, 
contraction or coagulation of the protoplasm, change of form, ftc. 
As I have described them before in connection with the blood- 
corpuscles of these Amphibia, they require no. further remarks for 
our special purpose, except that they all appear to corroborate 
my view of the simplicity of the structure of the non-nucleated 
coloured blood-corpuscle, as weU as of that of the nucleated. 

In concluding this treatise on the structure of the coloured 
blood-corpuscles, 1 have only to add that I still believe a part of 
their function to be secretory. In accordance with this view I 
regard them as true glandular cells, which, independent of the 
part they may act in the transfer of ozone, are also engaged in 
appropriating certain materials from the plasma of the blood, in 
oraer to transform them into other bodies bv virtue of their secre- 
tory power, and to finally return them to that fluid in the special 
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condition required for the sabeervience of oiher pnrposes, snch as 
the preeerration of the normal constitution of the olood, as well 
as the nutrition of the Tarions tissues. 

Changes in the substance and form of the coloured blood- 
corpuscles of Man, similar to those above described, and which 
may be detected by the aid of the microscope, occur in various 
pathological conditions of the system. Although some attempts 
have been made by several pathologists to study these changes, no 
definite results have to my knowledge hitherto been obtained. The 
cause of this seeming figure, however, evidently depends on the 
diffictdty attending the investigation of this subject, and I entertain 
no doubt as to the final success of these studies, if conscientiously 
and steadily pursued. For a number of years I have occasionally 
directed my attention to this subject, and have become convinced 
that changes in the form and character of the coloured blood- 
corpuscles of Man, which may be detected by microscopical exami- 
nation, do occur in pathological states of the system ; but as my 
observations were confined to only a few diseases, as yellow fever 
and rheumatism, and ^ere not made systematically, I shall forbear 
entering upon this subject at present. After I shall have accumu- 
lated additional facts to those already obtained, and on a more 
extended scale, I hope to present them in proper form to the 
profession. 
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II. — (hi the Present Condition of Microscopy in Enghmd. 
By Frank Crihp, LL.B., B.A., Sec. R.M.S. 

(^Read Irfore the Botal Microscopical Societt, April 3, 1878.) 

My object this eyening (writing throughout in the spirit of the 
Publican and not of the Pharisee) is to call attention td what I 
think is an indisputable fSsust, that in recent years no substantial 
progress has been made in this country either in the knowledge 
of the theoretical principles of the microscope itself, or in the 
systematic investigation of microscopical phenomena. 

The microscope has, in fact, come to be regarded merely as the 
tool of the naturalist and the histologist ; and notwithstanding the 
objects for which this Society was established,* it may, I think, be 
truly said that out of the entire scientific world there is probably 
no body of men who devote so Uttle real attention to the principles 
that lie at the root of that branch of science of which they are 
disciples, as do the English microscopists. 

As a particular instance, I may refer to the apathy that has 
been shown in regard to the researches of Professor Abbe on the 
theory of the microscope, — researches undoubtedly as important as 
any tiiat can be found in the whole of its history, and rivalling 
even the discovery of achromatism, or that of Lister on aplanatic 
foci. It is, I think, not a Uttle humiliating that such a discovery 
— in one aspect so simple— should not have originated in this 
country, we being the first, and for many years the only, nation to 
maintain a ^' Microscopical " Society. 

Whatever may be the cause of such apathy, it is evident that it 
cannot be attributed to any deficiency in the power of perseverance; 
for when we enter upon the discussion of a question, say of angular 
aperture, we do not rest content until a point has been reached 
which renders it impossible for anyone to say that the subject has 
not been exhausted to the very last limits. 

For this the condition of our Uterature is in part answerable. 
Becall the contents of the generality of modem English treatises 
on the microscope, and what do we &id ? Out of a given number 
of pages, a very small portion only is devoted to the optical prin- 

* The statement of the ** Objects of the Society," prefixed to the Charter and 
Bye-laws, sets forth that ^the Society was established for the promotion and 
diffusion of improvements in the optical and mechanical construction^ and in the mode 
of application, of the microtoope : — 

"' For the communication and discussion of observations and discoveries tending to 
such improvements or relating to subjects of microscopical observation : — 

''For the exhibition of new or interesting microscopical objects and pre- 
parations, and for the formation of an arranged ooUeotion of snch objects : — 

" For affording the opportuniiy and means of submitting difficult and obscure micro- 
scopital phenomena to the test of instruments of different powers and constructions : — 

^* For the establishment of a library of standard microsoopioal works." 
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ciples of the micioficope and to microscopical phenomena (about as 
much as is to be found prefaced to foreign books on histology or 
botany that do not pretend to be treatises *' on the microscope ' at 
all), and what is given is in the most elementary form that can be 
conceived. The remainder of the book is avowedly a condensed 
summary of the whole range of subjects belonging to natural 
history — a small natural history cyclopsedia.* 

If we compare our books with those of some other countries, 
in particular Germa]^ and Holland, the conviction must be forced 
upon us that we in England have not in modern times kept pace 
with the progress that has been made elsewhere. I am not 
venturing to reflect in any way upon our authors, the blame must 
rest upon ourselves and not upon them. The supply is necessarily 
regulated by the demand — if there is no demand there can hardly 
be expected to be any supply, so that any improvement must 
originate firom ourselves. 

The principal reasons, as I conceive, for this state of things are 
these. 

In the first place, a feeling has gained ground amongst ns that 
the only proper field for the microscopist is to be found in the in- 
vestigation of one or other of the many branches of natural science 
that require the aid of the microscope, and hence the theory of 
the microscope itself and of microscopical phenomena is r^gajrded 
as altogether puerile and unworthy of the attention of the true 
microscopist. 

For myself, I may freely confess that (erring, no doubt, in the 
opposite extreme^ I take a comparatively small interest in the 
subjects to whicn the microscope is applied, and that I am 
almost inclined to look on the term " microscopist " as not being 
properly applicable to those who are engaged in the study of 
natural history, even although it may be essentially by means of 
the microscope — ^in fact, that as it has been said " the proper study 
of mankind is man," so the proper study of the microscopist is the 
microscope. 

It has been objected, and no doubt will be objected again, to 
this view, that it is fedlacious, in so £Eur as it exalts to an end that 
which ought only to be looked upon as the means to the end — that 
the microscope (as I was recently told) can be properly regarded as 
nothing more than the ladder by which we climb to a point &om 
which a better prospect may be obtained, and that it is a waste of 
time in such a case to devote attention to the ladder rather than 
to the prospect. 

Such an argument — one that exalts the applications of a science 
at the expense of the investigation of its theoretical principles, on 

* This does not, of oourae, apply to books that do not pretend to deacrih^ the 
microscope, but to furnish directions for its use. 
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the ground of the greater practical valne of the one over the 
other — is a strange one to be nsed by scientific men. It is the 
merest tmism to say that the only snre way to advance any branch 
of knowledge is by undertaking a complete and exhanstive inves- 
tigation of the theoretical principles on which it is based. All the 
practical inventions ever made have depended for their discovery 
on the previous investigation of mere theories, by men who pursuea 
Imowledge for its own sake alone, and without stimulus from any 
notions of practical utility. 

As an old writer (Mlalthus) has put it : — '' It surely would be 
most unwise to restrain inquiry conducted on just principles, even 
where the immediate practical utility of it is not visible. In every 
branch of natural philosophy how many are the inquiries necessary 
for their improvement and completion which, taken separately, do 
not appear to lead to any specifacally advantageous purpose ; how 
many usefal inventions and how much valuable and improving 
knowledge would have been lost if a rational curiosity and a mere 
love of information had not generally been allowed to be a suffi- 
cient motive for the search after truth." * 

If only the lowest view of the microscope is to be accepted, 
the improvement of the mere tool must necessarily have an im- 
portant influence on the perfection of the work performed by its 
aid, so that the improvement of the microscope will directly further 
the aims of the naturalist 

Another reason which has also operated to produce the present 
condition of things is, that some kind of belief, more or less 
definite, has grown up, that we have arrived substantially at a 
state of perfection, or at the liijuts of the possible; that there 
being no farther scope for improvement, the study of theoretical 
principles has become a matter entirely of antiquarian research. 

I should not have thought that such a belief could be seriously 
held, had it not received the sanction of one of our high living 
authorities, who, whilst sufficiently cautious to guard himseu 
against being supposed to assert . the absolute impossibility of 
father improvement, yet, after speaking of the microscope as 
having '' acquired the deserved reputation of being one of the 
most perfect instruments ever devised by art for the investigation 
of nature," ventures to say that " the statements of theorists as 
to what may be accomplished are so nearly equalled by what has 
been effected, that little room for improvement can be considered 
to remain until chemists furnish opticians vnth new varieties of 
glass whose refractive and dispersive powers shall be better suited 
to their requirement&" t 

* *• Principles of Political Economy.' This point has also been well treated 
by Pvpfessor Tyndall in his concluding lecture ou Light. 
t Carpenter, 5th ed., 1875, p. 6. 
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This statement depends for its validity npon the assmnptioii 
that the theorists have themselyes arriyed at the stage of perfec- 
tion, an assumption which has no real foundation. I venture to 
think that there are few persons in the present day who would 
be found bold enough to assert that we have arrived at per- 
fection in any branch of science, least of all in that of microscopy. 
Adopting the view of Sir John Herschel, " we are not to 
suppose that the field is in the slightest degree narrowed, or 
the chances in favour of fortunate discoveries at all decreased, 
by those which have already taken place ; on the contrary, they 
have been incalculably extended. It is true that the ordinary 
phenomena which pass before our eyes have been minutely ex- 
amined, and those more striking and obvious principles which 
occur to superficial observation have been noticed and embodied in 
our systems of science ; but not to mention that by &x the greater 
part of natural phenomena remains yet unexpls^ed, every new 
discovery in science brings into view whole daisses of facts which 
would never otherwise have £Edlen under our notice at all, and 
establishes relations which afford to the philosophic mind a con- 
stantly extending field of speculation, in ranging over which it is 
next to impossible that he should not encoimter new and unex- 
pected results. ... In whatever state of knowledge we may con- 
ceive man to be placed, his progress towards a yet higher state 
need never fear a check, but must continue until the laat existence 
of society." • 

If perfection is ever to be assumed, one might fairly have 
assumed that the vast amount of research which has been bestowed 
upon the subject of electricity, the many minds that have for many 
years been engaged upon it, and the stimulus of the brilliant pecu- 
niary and other rewards which have been earned, would have 
brought that branch of science, at any rate, to perfection ; and 
yet it is only to-day that the Telephone has been discovered — an 
invention, not the least remarkable feature of which is its extreme 
simplicity. 

Even, therefore, if the theoretical principles of microscopy had 
been apparently as well investigated and as well exhausted, we 
should still not be justified in "resting and being thankful"; 
but when, in fact, no such equivalent work has been done, I 
cannot be accused of any tendency to be over-sanguine if I think 
that the period of perfection in regard to the microscope is certainly 
yet before us. 

The microscope, beyond all other instruments, has already 
suffered greatly from the belief that it could not be improvea. 
So splendid a discoverer as Newton asserted that achromatism 
was ^ impossible,*' though the &ct of the achromatism of the eye 

* * Discourse on the Blndy of Natual Philosophy.' 
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'was as ready to his hand as it was to tkat of Hall ; and even after 
achromatism had been established, Biot (no mean authority) 
declared that it would be " impossible " to work acbromatio object- 
glasses for the microscope on account of their diminutive size. 

It is both amusing and instructive to take books written at 
different periods of the present century, and note how each writer 
in his turn expresses the conviction that now at last perfection has 
been reached. Thus Sir D. Brewster, in IS 13, wrote that, " in 
the combination of single lenses to form the compound microscope, 
opticians have arrived at a great degree of perfection." In 1829, 
after the first achromatic object-glass had been successfully made. 
Dr. Goring wrote that " microscopes are now placed completely on a 
level with telescopes, and hke them must remain stationary in their 
construction." Sir D. Brewster, later, wrote : " The ingenuity of 
philosophers and of artists has been nearly exhausted in devising 
the best forms of object-glasses and of eye-glasses for the compound 
microscope." What was written so lately as 1875 I have ahready 
referred to. 

I beUeve that we are far from having arrived at the hmits of 
the possible ; but whether this view is accepted or not, I may, I 
thinK, assume that, however hi^h may be the authority on which 
such a statement as that which 1 have referred to is made, there can 
be no necessity to spend any time in proving that much is still to 
be learnt— that we all agree in the definition given of the character 
of the true phnosopher, '' hoping all things not impossible, and 
believing all things not unreasonable," and " are ready to encourage 
rather uian to suppress anything that can offer a prospect or a 
hope beyond the present obscure and unsatisfactory state.' 

What, in my view, is desirable is not that the Society should 
value less highly than they do now investigations in the various 
branches of natural science that can be made only by the aid of 
the microscope, nor that we should in the smallest degree diminish 
the appreciation which we have of those Fellows who bring the 
results of such investigations before us; but simply that more 
attention and encouragement than are given at present should be 
given by the Society collectively, and by the Fellows individually, 
to what I may call the subject of pure microscopy, which may be 
considered as standing in much the same relation to what is now 
accepted as " microscopy," as pure mathematics stands to applied 
mathematics (so called). 

The optical principles of the microscope and its accessories 
form one branch, the other deals with the investigation (considered 
mainly as a problem of mathematics and physics) of the phenomena 

Presented by objects viewed by means of the microscope, and the 
etermination of their real properties, notwithstanding their de- 
ceptive visual appearances. 
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It would perhaps be only imitating the old quarrel of the 
logicians to discuss whether there can be any science of microscopy 
outside these limits; but if it be otherwise, the* boundaries of the 
science must be as extensive as the world itself, the elephants and 
palms having as good a claim in that case to be considered " micro- 
scopic objects " as the rotifers and the diatoms. 

I need not dwell on the first branch farther than to point out 
that our text-books give the uninstructed reader the impression 
that the microscope stands in point of principle on no higher 
level than the telescope. This is far too low an estimate, and it 
would be truer to say that the microscope stands to the telescope 
at as great a relative distance as the chronometer stands to the 
sun-dial. Without having before them the means of comraunson, 
it will, I know, be difficult, if not impossible, to convince the Fellows 
how much there is in this respect of which we know absolutely 
nothing: when the comparison has been made, the absurdity 
of the chapter in our books which professes to 'deal with 'Uhe 
opt ical principles of the microscope ' will be fully appreciated. 
Whilst as M. Robin, the French histologist and microscopist, 
says, " it is absolutely necessary to be fiB^miliar with all that con- 
cerns dioptrics when one has to make use of an instrument whose 
invention has been inspired by the discoveries made in this part 
of physics," I do not know a book that even attempts to instroct 
the microscopist as to the course of the rays in passing through the 
ordinary objective of a compound microscope, or ventures upon 
anything beyond the barest mention of diffiraction — the most 
common of all microscopical phenomena, and most intimately con- 
cerning not only the theory but the practical working of the 
microscope. 

At the present time there is nothing extant which constitutes 
even a commencement of a systematic theoretical treatment of the 
subject of illumination, yet, being purely optical, it is obviously 
capable of being so treated, and great practical advantages would 
undoubtedly follow from the development of an exact theory on 
the subject. In nothing has the ingenuity of microsoopists been 
more exercised than in the invention of novel modes of illumination 
for lined objects ; but however clearly these various appliances may 
bring out particular appearances, there is good reason to beUeve 
that in the majority ot cases they are illusions, originating in the 
character of the illumination employed, and that all possible 
methods of illumination may be reduced &om the fifty or more 
kinds now existing to less than half a dozen at the most. 

With regard to the second branch, the conditions under 
which microscopic vision takes place necessitate (at any rate, 
in our present stage of experience) a more or less laborious 
reasoning process before we can recognize what it is we really see, 
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though loDg experience and habit have enabled us (apparently) to 
dispense with any such reasoning in the case of ordinary vision. 
The appreciation of this necessity has in modern times been a Uttle 
lost sight of, and there has been too great a tendency to depend on 
mere sense, instead of on sense and reason combined, or, in other 
words, to merely view the object rather than to investigate its true 
nature. '^ The impressions of sense," says Whewell, *' imconnected 
by some rational and speculative principle, can only end in a 
practical acquaintance with individual objects." 

For this reasoning process data are in the first instance 
required. These data, obtained from a systematic and scientific 
investigation and recording of the varied experiences of microscopic 
vision, considered, so to say, in the abstract, are of the highest 
importance, and would in time serve to render microscopic obser- 
vation almost wholly free from the fidlades and uncertainty which 
now beset it. 

Although it is a stereotyped expression of our authors that in 
the case of the microscope ^* seeing is not beheving," the subject 
is left with the vague warning, that ^' no rules can be given for 
the avoidance of such errors, since they can only be escaped by 
the discriminative power which education and habit confer." * 

I venture to think, however, that there can be no difficulty in 
framing such rules. It is only necessary that microscopists who 
have acquired the power referred to should record the results of 
their discrimination and experience. 

If each observer keeps the results of his observations for his 
own exclusive use, little or no advance will of course be possible ; 
but progress will be greatly accelerated if such records are made, 
for new workers are able to take up their investigations where their 
predecessors left ofiT, and not only avoid the waste of time and 
misdirection of energy involved in going again over ground already 
exhausted, but also the discouragement which necessarily arises 
from the uncertaintv whether what they propose to do has not 
been done before. One of the most useful offices of such a Society 
88 ours is the assistance it is able to give to this object, so that it 
is not necessary that anyone should write a complete treatise on 
the subject, but by means of our ^Proceedings' can note isolated 
facts for the use of future students. 

The phenomena to be investigated range over a very wide field, 
and it is not possible within the limits of this paper to present 
a complete anaiyBis of the subjects in regard to which systematic 
investigation would be valuable. 

Among them would be the appearances presented in conse- 
quence of the re&action of light by objects oi various regular or 
irregular forms, spherical or cylindrical, with waved or other 

* Carpenter, 5th ed., p. 195. 
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surfaces^ hollow or solid, and of different densities. The effects 
produced by the reflection of light from objects in nnmerons 
modes. The yaried and deceptive appearances brought about by 
the interference of light, a subject which «in England, at any rate, 
is in its relation to the microscope almost untouched. The effects 
produced by double refraction and polarization. The variations, in 
differing circumstances, in the colours of bodies. The large range 
of phenomena involved in the appearances presented by the same 
object with different kinds of illumination, or in media of different 
refractive powers. The determination of the indices of refraction 
and dispersive powers of objects (matters which materially aid in 
the determination of their true nature). The discrimination of 
holes from mere depressions, and other variations of structure. 

A few clearly settled generalizations would enable a large group 
of phenomena to be resolved. 

As an example of the way in which what ia only one small 
item of this subject may be treated, I may refer to the discussion 
by Nageli and Schwendener of the interpretation of the image of 
a hollow cylinder, a typical form of microscopic object. 

They discuss the tiieory of the formation of the image in four 
groups : — 

1st. The peripheral rays which traverse the walls of the 
cylinder without entering the cavity. 

2nd. The peripheral rays which strike the internal sur£a.ce of 
the cylinder very obliquely, and are there reflected. 

3rd. The rays which penetrate into the cavity of the cylinder 
and are reflected on the walls, then arriving at the objective after 
having undergone two refractions (that is in all, four refractions 
and one reflection). 

4th. The rays which traverse the cavity of the cylinder in a 
straight line and undergo a quadruple refraction. 

Thus is shown on theoretical principles the appearances which 
such objects will present in different media, or in the other varying 
conditions in which they may be placed. 

I have disclaimed the necessity of having to prove the practical 
use of such investigations ; but " without prejudice " (as the lawyers 
put it) to that position, I may ask if it can be doubted that sueh 
generalizations would be of the greatest assistance to other observers, 
and the practical results important and useful ? 

There are numerous instances of the way in which the appre- 
ciation of purely optical or physical principles has served in the 
past to elucidate biological questions, and may serve to elucidate 
others in the future. I remember having read (though I have 
been unable to verify the passage) that Harvey himself attributed 
his discovery of the circulation of the blood to the iavestigations 
he had previously made on the pressure of liquids in tubes. 
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So simple a mattei: as the experiences of Welcker on the effects 
produced hj globules joi air or oil immersed in a fluid of greater 
or less reliactiye power tluoi themselyes, has enabled subsequent 
obserrers to distinguish more readily and with more accuracy 
eleyations from depressions, and to determine the true structure of 
a large class of objects, so that vacuoles need no longer be mistaken 
for nudeL 

The supposed tubular structure of human hair can be shown to 
be erroneous by the application of such principles, and the beliet 
in the solidity of the lacunaB of bone was disposed of by a con- 
sideration of the refractive effects of Canada balsam. 

The determination of the re&active index of a substance will 
often show that it belongs to one class of bodies, such as the 
albuminoid, and not to another, and enables proper deductions to 
be drawn of the real as opposed to the apparent size of cavities, 
such as those in the interior of starch grains. If an object exhibits 
double refraction it cannot be fluid, and the examination of mus- 
cular fibre by polarized light wiU determine whether it is at rest or 
in the state ot contraction. 

A paper by Mr. Lowne, just read before the Royal Society, 
on the ''Eyes of Insects,'' will furnish another instance of the 
assistance the naturalist would derive from being able to refer to 
an established theory of microscopical observation, an important 
part of the conclusions eome to m the paper turning upon the 
results of experiments on the effects manifested by the transmission 
of light longitudinally through glass tubes and threads.* 

Our friends the histologmts have arrived, as some of them con- 
ceive, at the limit of the resolution of structure ; and my senior 
colleague, who is ready to seize with such avidity on any process 
that seems to indicate the possibility^ of frirther knowledge on 
histological subjects, would, I am sure, rejoice if he ooiud be 
guaranteed tha power of determining moro of the ultimate structure, 
say of a muscular iibro, than he is now able to do. 

I beUeve that guarantee might be given if the work I am 
advocating wero undertaken, and that it would be found in the 
result that the histologist best grounded in such work was the best 
authority in the determination of structure,! and many at present 
obecuro problems would be in a fair way of solution. 

• Since printed in •Proc Roy. Soc.,* vol. xxvii. 261. 

t Since this paper was written I have seen the lecture on ^^Microsoopes** (in 
ToL i. of the * Science Lectures at South Kensington 0, by Mr. Sorby, F.kS., the 
late President of tiiis Society, in which he points out (p. 203) that **muoh may 
be learnt by the study of mineral structure, since in the case of crystals and of 
mlid portions of glass and other analogous objects we know what their character 
is, whereas in the case of ndnute oiganic structures we have rather to infer what 
is their structure from what we see; therefore, in forming some general idea of 
iUnmination, I think we may learn a great deal by studying what we see in 
smaU crystals and in inorganic bodies of pretty well known form." And. 

VOL. L L 
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It wonld be no lees a ^^ practical " benefit if we were aUe in 
fatare to avoid some of the mistakes of recent years. Amongst 
these may be mentioned the views held np to the present day, that 
the resolution of lined obj'ects depends upon the shadow cast in 
consequence of the obli^mty of the light. Mr. Stephenson has 
reminaed me of the dension (in which I joined) with which the 
object-glass of Mr. ToUes, with its marked iq)erture of 180°, was 
received ; and yet at that time the demonstration existed that the 
effective angular aperture of an object-glass may readily exceed 
180°. 

Another instance may be found in that vexed question of a few 
years since, the Aplanatic searcher. At the time it did not seem 
to me unreasonable in theory that the defects of an object-glass 
might within limits be neutralized in the way proposed. The 
practical reason for not accepting the invention was the absence of 
results in the hands of anyone but its inventor ; but no one was 
able to expound the principles, then well known elsewhere, which 
showed that its theory was unsound. If we had been aware of 
those principles we should have been able to discuss the claims i£ 
the invention in an intelligent manner and without having to 
depend solely on the want of results. 

What seems to me to make the subject the more tempting 
is, that it is virgin soil ; any of us who will take it up will not 
find it has been occupied before him, and the Society in receiving 
the results will not be in dose competition as they are now with 
other Societies, — ^in fact, we should then be working in a field of 
our own, the want of which has been so often bewailed among us. 

The examination of diatom valves and Podura scales has uii* 
donbtedly been the cause of many improvements in objedrglasses, 
and the indiscriminate abuse sometimes showered upon the observeis 
is to a great extent undeserved : at the same time it is certain that 
there 1^ been much misdirection of time and ei^rgy in such 
examinations, so far as the end proposed has been oijy to see with 
one glass for the hundredth time as nearly as possible what has 
been seen a hundred times before by a hundred other observers. 
Such examinations, if properly directed, would have advanced the 
knowledge of microscopical phenomena in general many yeara 

Of the two great methoas of scientific inquiry, observation and 
experiment (or as they have been otherwise termed, '' passive and 
active observation "), we have, I think, confined ourselves too much 

again Tp. 207), dealing with the effect of a particular kind of illumination on 
mineral Btraotnres, he says that it ** wonld be eqaally applicable in the case 
of rods and minute fibres, and such kinds of structures as are commonl j met with 
in organic bodies." And (p. 209), ^ Such general conclusions are more simple 
and obnous in the case of mineral structares, but are by no means confined to 
them .... and I cannot but think that much remains to be learned even in the 
case of more purely oiganic structures.*' 
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to the first, to the disre^rd of the second. So long ago as the time 
of Fontana, he wrote, "It is easy to view the image which is offered 
to the eye, but not so easy to form a judgment of fiie things that are 
seen, as an extensive kj^owledge of the subject, great patience, and 
many experiments will be found necessary for this purpose, for 
there are many circumstances where the images se^i may be very 
similar, though originating from substances totally different, and it 
is here the penetration of the obeerrer will be exercised to discover 
the difference and avoid the error." 

To quote Sir John Herschel once more: "It has been found 
invariably that in those departments of physics where the pheno- 
mena are beyond our control, or into which experimental inquiry 
.from other causes has not been carried, the progress of knowledge 
has been slow, uncertam, and irregular; while in such as admit of 
experiment, and in which mankind have agreed to its adoption, it 
has been rapid, sure and steady." * 

In microscopy experiment is, of course, more difficult of appli* 
cation than it is m some other branches of science, but there is still 
ample room for it ; many instances will readily occur to you, such 
as those of the late Mr. Bichard Beck on the Lepisma scales, Mr. 
Slack's silica films, and others, which have now and then appeared 
in our ' Proceedings.' 

It may be that the work I suggest has tdready been in great 
part done; if so, it has not been recorded, and for all useM 
purposes might as well not have been done. It may also be that 
it is not so inexhaustible as I suppose ; in that case there is the 
less reason for not exhausting it. Whilst I do not hold the view 
which some people in this country are fond of pretending to hold, 
that nothing valuable is to be found at home, and that everything 
abroad is necessarily of superior merit, we may at least set before 
us, as a goal worthy of being reached, the attsanment of a position 
in our own particular branch of science on a level (to say the least) 
with that of other countries. 

I know uiat those amongst you who hold my views are com- 
paratively few in number. I have, however, put them forward 
now so that what it is we advocate may be understood, and others 
may possibly thereby be converted to the true Mth* However 
erroneous or fanatical those views may be considered, I cannot 
think that any harm can result from thus stating them. 

To the retort, " Physician, heal thyself," I can only say that it 
is a matter of no small regret to me, that with every inclination to 
lead the way, an insuperable barrier should be presented by the 
exigencies of my particular avocation, which not only reduce to 
small proportions my leisure hours, but render it necessary that 
those hours should be mainly employed in a recuperative process ; 

* * Disoonxse on the Study of Natonl Philosophy.' 

L 2 
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one evidence, however, thai I can give of my sincerity is, to under- 
take a matter which I believe the Society would be doing good 
service tomieroscopy if it undertook itself, but which it can hardly 
be expected to undertake if it does not believe in its necessity, and 
that is to enable English microscopists to read in their own 
language one of the best modem German treatises — one which 
(as a deceased colleague on the Gounoil Cf this Society declared) is 
" a mine whose treasures might occupy many workers in developing." 

Whilst it does not pretend to be exhaustive, it will at least 
serve (to put it no higher) to show how extensive a field a com- 
plete knowledge of the subject embraces, and until we are able to 
improve upon it, it will, I think, worthily supply the want which 
just twenty years since was referred to in an article in the 
• Quarterly Journal of Microscopical Science ' : * — *' The period has 
not yet arrived when all those who employ the microscope 
methodically as a means of scientific investigation possess an 
intelligent comprehension of the principles on which it is con- 
structed and the nature of its powers as an optical instrument. 
There is a large region beyond mere manipulation into which few 
apparently care to enter. The writers of our introductory treatises 
leave the matter pretty much as they found it. Surely the time 
has arrived which calls for more than this ; when an optical treatise 
on the microscope, worthy of the name, is not only desired by the 
few but required for the many." 

When completed, the Society will be better able to judge 
whether I have exaggerated in what I have written. I have a 
strong conviction that the conclusion will be that I have not, and I 
have a strong hope that in the result a new departure will be 
made in " microscopy " in England. ^ 

♦ " On the Optical Powers of the Microscope^" by P. G. Rylands, vol. vii. 
p. 27. 
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III. — On a Species of Acarus of the genus Cheyletus, believed to 

he new. By A. D. MiOHABLy F.RM.S. 

(Bead before the Hotal Micboscopical Sooibty, May 1, 1878.) 

Plate VI. 

In the latter part of December, 1877, being on a visit to some 
friends near Tamworth, Warwickshire, I found, by sweeping the 
walls of their beer-cellar, a tolerably plentiful supply of that 
interesting and beautiful acarid Olyciphaavs palmifeVy which had 
not before been found in Britain (and which I have announced 
elsewhere). I was at first occupied with Palmifer, but soon dis- 
ooyered that there was a predatoir mite feeding upon them. A 
short inspection satisfied me that it belonged to the genus Gheylettis, 
and I soon saw that it was not any species that I was acquainted 
with. Subsequent search (as far as I haye been able to carry it) 
has entirely failed to discoyer any record of the species, which I 
therefore presume to be new, although it is quite possible that 
some one may haye obseryed it whose record I haye not found. 

The state of our knowledge and bibliography as to Gheyletus 
seems to be as follows : — 

Latreille * first mentioned, named, and described the genus. 

Schrank f mentions ; Duges does not. 

Eocht giyes it, and treats of the generic characters and 
habits ; and describes and figures fiye species in a manner sufficient 
for identification. He does not in any way deal with the sexes, 
nor with the laryal or pupal states. His species are Ch. erudiius 
(and easalis, which he regards as a variety) ; Ch. venustimmus 
(wluch I haye dealt with below) ; Ch, hirunainis^ and Ch. margi- 
natus, 

Genrais § gives Erudiius and Marginatus only, and practically 
simply refers to Eoch. 

Guerin || also copies Eoch. 

LaboulbenelT mentions a species which he calls' Mericourti, of 



DESCRIPTION OF PLATE VI. 

Cheyleius fiabellifer. 

Yio. 1. — Upper side of female x about 125. 

Fio. 2.— Under side of female X about 125. a. One of the main tracheal 
inmks. 6. Palpus, c. Lateral mammillary process, d. Anus. 
FiQ. 3.— One of the fan-shaped hairs highly magnified. 

* < Histoire naturelle des Crustaces et des Inseotes/ viii. 54. 
t 'Eiinmeratio Insect. Aust./ 1058, pi. zi 

X * Deutschlands Crustaceen, Araohniden, &c/ Begensburg, 1839, Heft xxiii. 
* ifbersicht die Arachniden«ystems, &c.* 

§ * Hist Nat. des Insectes-Apteres/ Walkenaer and Gervais, vol. iii. p. 164. 
H 'loonofipr. Beg. Anim. Araohnideo,' pi. v. f. 8. 
^ •Ann. Boo. Ent Fr.,' 1851. 
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whicK two or three specimens were foand on the ear of ^ naval 
officer, near Newfoundland. It appears donbtfol whether this is 
different from Erttditvs. The late Andrew Murray says that the 
armatare of the palpi appears to be different, bnt does not say in 
what respect ; thV &^ce may possibly be due to imperfect 
drawing OT preservation. ' ^^ ' ^ 

An account of the mouth, tracheae, &c., is given by Dujardin.* 

Johnston f mentions it, and writes upon Eruditus. 

Eirby and Spence t (on the authority of Schrank, but still it 
would seem erroneously) state that the larva has eight legs. 

Mr. Brady § found a specimen in the sea, and called it Robert- 
soni ; it appears, however, to have been Eruditvs. 

Mr. Beck kept and bred EruditvSy^ the name of which he does 
not give, and treats of the phenomenon of parthenogenesis with 
regard to it ; but he expressly says that he aid not fiud the male, 
and he does not describe the larva. 

There is a most eihanstiye description of the amitomy and 
physiology of JEnrvditus given by Robin and Fumose;ir they, 
however, expressly say that they have not found the perfect sexual 
state, but only the larva and nymph. They say that the perfect 
state is unknown, and this is repeated by M. Kobin in 1877, ** but 
they appear not to have observed Mr. Beck's paper and indeed 
expressly say that they are not aware that anyone has treated of 
the subject since Eoch. 

Finally, Andrew Murray, in his * Economic Entomology,' gives 
the genus with reference to Eoch, Bobin, &c., and a drawing which 
he marks as being the male copied from Bobin. It appears to be a 
copy of Robin's puite xxii., fig. 2 ; but Bobin expressly says he has 
not found the sexual form, and Murray does not explain why he 
calls it the mala 

Generic Characters. 
These are: — 

1. The rostrum, large, sharp, and adapted for sucking. 

2. The enormous palpi of three joints, armed vrith &Ice8 and 
^tinated drri or styles, forming predatory weapons, and being by 
iar the most conspicuous characteristic. 

3. The flattened diamond-shaped body with truncated ends. 

4. The legs having five joints, the tarsal being terminated by 
two claws with a double claw between them, and being famished 
with a sucker or else fine hairs on the double claw like a brush. 

* * Gomptes Rendus/ 1844, xiz. 1160. 

t * Transactions of Berwickshire Naturalists' Field Club,' vols. ii. and iii. 
X *• Intro, to Entom.,* yoL iii. p. 107. 
$ *Proc. Zool. Soc.,' 1S75. 
ti * Micro. Trans./ 1866, p. 90. 

^ * Journal de raoatomie et de la physiologie/ 1867, t iv. p. 506. 
** * Traite du Microscope,' 12th ed., Paris, p. 691. 



On a Species of Aearm^ de. By A. D. Michad. 185 

5. The conspicuous and singular tracheal system with two 
mam trunks, a joint median spiracle at the symphysis of the jaws, 
and a separate lateral one on, the outer side at the hase of each jaw. 

6. The skin being marked with fine striaB like tiie Sarcoptidsd — 
at least on the under side. 

7. The predatory nature. 

8. The absence of apparent eyes. 

Bobin and Fumose give other characteristics, such as colour, 
&c., which appear to me to be rather specific than generic. This 
need scarcely excite surprise, even with such careful obseryers, when 
they state that they have only seen one species. If the distinctions 
be generic, a new genus would apparently haye to be formed for 
such species as Yenustissimus. 

The Species believed to he new^ which I propose to coil CheyUtus 

flabdlifer. 

The general and most marked characteristics of this species 
as distinguished from Enidiim are, firstly, its shorter, more 
thick-set, and powerful form, and the shorter, thicker, and more 
conical legs ; secondly, the haors along the back a little way within 
the edge, and most of those on the legs and palpi not being like 
the fine hairs of ErudUuSj but being deyeloped into fan-shaped 
expansions, each set by a abort, strong, single stelk into a panilla 
in the ordmary way, but thq stalk soon diyiding and rediyiding 
into a number of radiating neryures irregularly joined by lateral 
and anastomosing neryures leaying angular spaces between, and 
similar neryures round the edge, all of which neryures are joined 
by a transparent membrane forming a somewhat fm-like expansion, 
with the radiating neryures projecting beyond the edge, and 
forming spines. These hairs haye a strong resemblance to the 
leaf-like hairs of GlyeiphoffUis pcdmifer^ and distinguish the 
species at the first glance from all other Cheyleti of which I haye 
found any record. 

The colour of the creature is semi-transparent, yellowish white, 
with a median stripe formed by the intestinal canal showing through 
the skin, but not conspicuously, much like Eruditus ; the form is a 
diamond shape, with the anterior half shortest^ the front and anal 
angles of the diamond being truncated and the anal one rounded 
.o£^ and each lateral angle being formed by a mammillary process on 
the side of the body, not quite reaching the leyel of the dorsal or 
yentral surface, which are much flatt^ed, giying the body the 
appearance of a flat cake with rounded edges. This shape is 
cWacteristic of the genus, but in this species the diamond is 
shorter than usual, not aboye one and a half times the greatest 
width, and the anal truncation is yery broad. 
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On the back, at the widest part, is a broad, transyerse, depressed 
line ; in front of this is a space somewhat the shape of an inverted 
shield with scalloped edges, and behind the depression is a some- 
what similar space tnmed in an opposite direction. These spaces 
are sUghtly raised, and occupy almost the whole width of the 
back ; the skin within them and on the upper sorfiioe of the first 
joint of the palpi is closely and irregularly plicated or beaded, 
giving it a soft appearance; the depressed transverse line, the 
narrow parts of tne dorsal sur&ce beyond the spaces, and the 
whole under surfSeuse of the body and first joint of the palpi are 
marked with fine waved striaB like the SarcoptidsB. 

The legs are short for the genus, conical, with the coxse stout, 
all finely striated except the tarsi, the striae running round the 
1^. The foot has the brush on the divided claw (the size of the 
drawing will not show this). 

The first joints of the palpi are extremely large, and form 
almost square blocks, seeming to hinge near the inner anterior 
angle, the inner posterior angle being' forced into the hoUow of the 
side of the rostrum when we palpus is widely extended. The 
second joints are much smaller, and are abnost elongated right- 
angled triangles with the pointB prolonged into strong curved fidces 
and a step cut out of eacn hypothenuse (the inner) side. At this 
step the third joints are articulated ; they are very small, and almost 
spherical, and are separately movable, and each bears, firstly (countr 
ing from the outside), a long curved fsdx, longer, slighter, and more 
curved than that of the second joint, but pectinated on the inner 
edge for about two-thirds of its length ; secondly, a similar one not 
pectinated ; thirdly, a straight spine pectinated up to the point ; 
and fourthly, a recurved hair much shorter. This is the <marac- 
tenstic palpus of the genus, but varies a. little in the different 
species being unusually massive in this one. 

The fem-shaped hairs above described, characteristic of the 
species, are placed as follows : a row of eight down each side of 
the back, a httle within the edge, standing nearly perpendicularly ; 
four across the anal extremity (dorsal surface), and two larger ones 
lower in level, one on each side of the anus ; a very large one on 
each of the mammillary processes at the side above mentioned, 
curving downwards, and usually one on each coxa except the 
second, and two on each of the next three joints of each leg on 
the outer side standing firee, but curving over towards the leg, 
and two on the first joint of each palpus ; these hairs are not 
all similar, indeed every pair of hairs varies from the others in 
shape, &C. ; but the same hair is alike in different individuals, 
the distribution on the leg seems to vary a little. An enlarged 
figure of one of the broader hairs (taken from the leg) is given in 
Plate YI., Fig. 3. There is a line of six or seven fine, short. 
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oiclinary bristles, along each side of the ventral sarfiuse, some way 
within the edge, pointing directly downwards, but not touching the 
ground. 

The Tulva is very small and difficult to make out ; it is placed 
about the middle of the body, between the second and third pairs of 
legs, as in the SarcoptidsB. I am not at present able to say any- 
thing with certainty as to the male or^an, or indeed the male at all ; 
I hope to do so hereafter, as I am still breeding the creature. 

1 haye mentioned that I found the species in a dark cellar 
feeding on Olyeiphoffus paJmifer. It is impossible to avoid being 
struck by the resemblance of these hairs to the leaf-like hairs of 
Palmifer itself, or to refrain from asking the reason of so singular a 
coinciaence in such an unusual peculiarity ; and wheiher it may 
not possibly be an instance of mimicry useful to the Cheyletus, 
which, as &T as we know, is without e^es, and which certainly lies 
in wait for its prey, making it less likely to be observed by the 
Glydphagus or other mites, and giving it a better chance of securing 
food ; of course it would be entirely premature to express this as 
more than a possibility until it is seen whether this species accom- 
panies Palmtfer in ouier instances besides the present; and with 
regard to the absence of visible eyes, I cannot nelp thinking that 
the Gheyleti have some sense of sight; at all events they are 
sensitive to light, and one cannot watch them without coming to 
ihis conclusion. 

This species does not, as &r as I have seen, proceed with the 
jumping action of ErudUus, but walks in a steady, determined 
manner, with the rostrum pointed straight forward and the palpi 
extended; when actually seizing another mite it makes a short 
spring upon it. 

The tarsus is held perpendicularly, and the front pair of less 
appear to act as true legs, and bear their share of the weight 
(unlike C. venuatissimus). Nothing could be more ferocious 
than this mite ; the instant it comes across another mite it seizes 
it with its palpi by any part which happens to be nearest, and 
then either plunges its mandibles into it at once, or retreats 
backwards, dragging its captive until it dies, when it is quickly 
sucked dry ; the su^ing action may sometimes be distinctly seen, 
and the contents of the prey traced down the tube formed by the 
mandibles (or maxilbe), and into the gullet of the Cheyletus. Its 
own species does not come amiss to it, and when I j)ut together 
what I hoped were male and female, the stronger immediately 
killed the weaker and eat it. 

The female hija her eggs in a little bean and spins a thick web 
over them, on wmch she stands, coming on to feed ; the eggs are 
laid under some cover, and not in the open. I first detected the 
eggs on 17th of March, at which time they were not yet covered 
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with the web ; they were kept madark cupboard in a room with a 
fire, but fiEu: from ii The first larvsB were hlEitched on ()th of April ; 
they are hexapod, with the roetmm rather longer than in the aault ; 
they have the fian-ehaped hairs, bnt not distributed in quite the 
same manner ; there is a row of seven near the edge of tne body, 
but only two at the posterior end instead of four, and the two anal 
hairs and those on tne mammillary processes are larger and more 
spatula-shaped than in the adult ; those on the palpi are the same, 
but the hairs on the legs are mostly less broadly nabellate than in 
the adult. Each hair of the first two pairs of the back seems to 
have a separate motion and to be moved at the will of the creature; 
the first joint of the palpi is less massive, in other respects the 
appearand is siidlarto^e perfect fom. 

I have not found much oifficulty in keeping them alive in glass 
ring cells with a little of material where they were found and a 
thin cover over. They require to be kept in separate cells, and 
supplied with food (for wmch cheese mites answer), and a dight 
moisture kept in the atmosphere, but not too mucL 

)ropose to call it FlahdUfer^ from the fan-shaped hairs, unless 
turn out to have been found before. 



it shall 
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IV. — On the Question of a Theoretical Limit to the Apertures 

of Microscopic Objectives. 

By Professor G. G. Stokes, M.A., D.C.L., LL.D., Sec. R.S., 

Lucasian Professor of Mathematics in the Uniyersity of Cambridge. 

(^Read before the Royal Microscopical Society, June 5, 1878.) 

I HATE just received from Mr. Mayall, jmi., a photograph of Professor 
B. Keith's oompntations relatiye to an immersion i microscopic ob- 
jective by Mr. Tolles. I have not at present leisure to go through 
this long piece of calculation, which I am the less disposed to do as 
the calculation is perfectly straightforward, and has evidently been 
made with great caie, and I can see no reason to question the result. 
The only reason for scepticism as to the results of such calculations 
seems to be a notion derived from a priori considerations, that it is 
impossible to collect into a focus a pencil of rays emanating from a 
zadiant immersed in water or balsam of wider aperture l£an that 
which in such a medium corresponds to 180'^ in air, or, in other 
words, than 2 7, where 7 is the critical angle. 

I do not Ynak to enter into controversy on the subject, or to 
criticise the arguments by which this statement has been sustained ; 
I prefer to show directly that it has no foundation. 

To disprove an alleged proposition, the shortest and least 
invidious plan is often to show by one or more particular instances 
that it is untrtte. 

Suppose a pencil of parallel rays is incident upon a refracting 
medium of index /t, and let it be required that it be brought 
without aberration to a focus q within the medium. By a well- 
known proposition, the form of tne surfeuse must be that of a prolate 
ellipsoid of revolution generated by the revolution of an ellipse of 
which a is the fmrther focus, and /^"^ the eccentricity, about its major 
axis, wnich is parallel to the incident rays. Conversely, if ; be a 
radiant within the medium, the emergent rays are parallel to the axis. 

The limit of the incident parallel rays in any section through 
the axis is the pair that touch at the extremities of the minor axis. 
Consequently in the reversed pencil the limiting rays are those that 
proceed from j to the extremities of the minor axis. If we suppose 
the index to be 1 ' 525, for which 7 = 40° 59', the extreme rays 
will be inclined to the axis at the complementary angle 49^ !'• 
Hence a radiant within glass may send a pencil of aperture 98^ 2', 
which by a single refraction shall be brought accurately to a second 
focus at infinity. The double of the critical angle is only 81^ 58', 
so that the apcoiiure exceeds that supposed limit by 16^4'. 

If it were required that the pencil after the single refraction 
should converge to a real focus, tne sur&ce would have to be gene- 
rated by the revolution of a cartesian oval instead of an ellipse. If 
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the distance of the point of convergence were considerable compared 
with the dimensions of the glass, it is evident; that the oval would 
not differ much from the ellipse considered in the first instance, nor 
would the extreme aperture in glass £bi11 much short of the limit 
assigned above. Or again, the rays emerging from the ellipsoid 
might be brought to converge to a second focus q in air bjr 
receiving them on a prolate spheroid of which q' is the further 
focus and /t~^ the eccentricity, and aUowing them to emerge from 
the glass by a spherical sar&ce of which q is the centre. Or the 
parallel rays might be brought to a focus without sensible aberration 
as is done in telescopes. 

I do not, of course, propose this as a practical construction of a 
microscope. It is intended simply and solely to show the fallacy of 
the supposed limit of 2 7 assigned to the aperture, within a medium, 
of a penbil which can be brought vnthout sensible aberration to a 
focus in air. As the sphericity rather than spheroidicity of the 
sur&ces employed does not enter in any way into the arguments 
by whidi .the limit in question is attempted to be established, the 
spheroidal or cartesian surfaces are quite admissible in argument. 

\NeverthelesSy as an example of what can be done without going 
beyond spherical surfaces, and as bearing in a vary direct way on 
actual practice, I will take another instance. 

Let it be required to. make a pencil diverging from a radiant 
point Q in glass diverge from a virtual focus q after a single 
refraction into air. 

If P be a point in the required surface, /^ Q P — 7 P must be 
constant, which gives, according to the value we arbitrarily assign 
to the constant, an infinity of cartesian ovals, any one of which, by 
its revolution round Q q, would generate a surface which may be 
taken for the bounding surface of the glass. In one particular 
case the oval becomes a circle, namely, wnen the constant = 0, in 
which case we have a circle cutting the line (^q internally and 
externally in the ratio of 1 to /^. 

This case is represented in Fig. 1, in which is the centre 
of the circle HAL, which by revolution round the line jQA 
generates the sphere. Bays diverging from Q within the glass 

{)roceed after refraction at the surface of the sphere as if they •came 
rom q. To find the limit of the pencil, we have only to draw the 
tangents ; H K, j^ L M, and H E, L M will be the extreme rays after 
refraction. The incident nr^ Q H, Q L corresponding to these are 
inclined to the normals H, L at the critical angle. It is easy to 
prove (as will appear from the postscript) that the lines Q H, Q L 
are prolongations of each other, so that the aperture in glass of the 
pencil which, after refraction into air, diverges vrithout aberration 
from q is 180^. The aperture H g L of this pencil, after refraction 
into air^ is 2 7, which with the above value of 7, for which the 
figure is drawn, comes to 81^ 58'. Setting aside chromatic variations, 
the refracted rays proceed, of course, as if they came from q^ forming 
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ft pencil of apertnre Sl°5ff. A pencil of apertnTA in air no greater 
than 81° 58' is one wliioh all parties allow can practically be brought 
to a fooua ; it conld be brought eataeUy to a focus by the use of 
surfaces other than sphericaL 



Hw spherical sur&ce of no abeiration aoeorda with the form of 
the first lenB to which the malkos of immerakai ohjectivee haye been 
led B; reduoiag somewhat the exoessivelj large segment of a 
sphere reprea^ted in the figure, say reducing it to a hemisphere, 
the sjMoe gained in &ont (of thickness Q if the reduction be to 
a hemisphere) is availiible tor the cover or interpoeed balsam, which 
hare both nearly the stuoe index as the crown Riaas of the first 
ieoB : and the aperture in glass, though ledaced &om the extreme 
of 180°, still remains very large. 

P.S. — The propecty of a circle employed tn Fig. 2 admits of 
being prored in a few lines, and it might be conrenient to the 
read^ to have the demonstration. 

Let (Fig. 2)bet^oentreof aoindeofwhidi A B is a diameter. 
Id B take a point Q, and in B produced fake a point g so that 
O J is a third pn^rtional to Q and the radius. Let a, be any 
pout in the oircomfereDce, and join Q B, j B, B. 

Since the radius is a mean proportional between Q and q, 
we have ia the two triangles Q U B, ; B, which have a common 
angle at 0, Q : B : : B : ^. Herefore the triangles are 
simUar, KndQBi^B-OQiOli; and also the angles Q B, 
J B are equal to ; B 0, Q B 0, respectively. Hence 
Biii.tBO : iin-QBO :: sId.BQO : (iD.BfO :: gB : QB :: OR : OQ. 

If then Q had been tak^ so that Q : B : : 1 : ^, where >i ia 
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the index of refraotioa of a spheie of which O is the centre and 
B the radina, a ray Q B proceeding from a point Q within the 
medinm would after refraction proceed along g|B produced. The 
limiting position of B is when jEO is a nght angle, or jK 
a tangent to the circle, which is when EQO is a right angle, since 
then the sine in the angle of inddenoe = QB;R0 = 1:^, bo 
that Q B is the critical angle. 



v.— On Ag BmUt of a CWptUatim retoliiijr ^ ^"I^ i O^^Klwe. 
By Frofeasor B. Euth. 

{Rtad btfart tht RoriL If kjbosoopioai. Sociwr, Jmu 5, 187S.) 



of die ^inoh immanioa objective mmde by him for Hr. Fimuk Crisp, I have 
made a computation of it« aoKQlar apertnie (Plate Ttl.), and preaeat » Sgnre 
aocnratelj Kpt««entlng ito different lenaee fttid theii dutanoee apart, and also 
the path of a raj Ol light, emanatiag &oin a fooal point 10 inchea behind the 
objective, and coming to a oonjngate focos, &ee from aberration, 0*01620 of an 
inch before the front leni. 

Aa a reanlt of the compntatlon, I find that when the objective is oaed with 
the thiokeat cover poedbie making balvm oonbiot with the front lene, Iti 



ootaide raja ii 0-01620 of an inch, and of those near the axis 0-01618 of an inch, 
ahowing practicallv no abemtion. The oompntation is made with more precision 
than is wttmurted bj the nature of the elements, which are necemril; given to 
only two or three plaoe* of decdmala, aoourate enongb, however, Ibr the main 



kt inch a statement does not do jnatice to the objective. 

■ With the compatation Fnifenor Keith wrote ;— " Hr. ToUm has been liberal 
of hij time in making the elements enre in every point; gmneso far a« to make, 
from Iiis memomodnm in the case of Hr. Oriap's lens, a new objaotlve in wder to 
be more inre of the dlatanoe* of the lansea ^>art and Uie final Iboal dlitauoe. 
liieae aie not neoi x aaiy at elemenla of the oompntation, bat afford » very 
deoiaive oooflmuttloa of the eMteotnasa ti the flgnring." 







•A 




»0 


f 


Ol 


o 


^ 




^ 


CO 


CO 


CO 


»0 


^ Ci) C CO ^ 00 


I>* 








00- 








O 


v> 






t^ 

^ 


00 




ft CO ^ Ok CO T* 

o e< ts t* ^ 


V 




'^ 


OO 


T* 


*«• 


«k 


Q 


N 


CO 


»c 


M 


CO 


Kl 


Oi 


^ ^ CO N 0) r* 


^ 


ft. 


^ 


o 


«o 


t* 


• 


«o 


CO 


o 


« 


t* 


CO 


flO 


T- 


^ c^ ^ e* c< c^ 


1 


.2 
c5 


O 

1 


d 


o 

1 


0) 
1 


Q^ 


91 
I 


I 


o 


1 


CJ> 


1 


1 


o 


5 Oi OJ t-' o *^ 

-.1 III 
































1- . 


• ;i'- 


-P'' 


3*^ 




3.- 




3* 


^^ 


4^" 
■ + 


1 




>0 




^ '. . ~ 3 + 

^ -a rO .O 


^ 








o 




9> 


o 

CO 




CO 


CO 




CO 
*0 


CD 

00 


> OS t^ N 00 ts 
' C* 0» "«* c«i c* 






Qk 


« 


r* 


<0 




<0 


^ 


eo 


t« 


o 


**^ 


»0 


CO 


» CO Vo O C9 CO 


^ 


'^ 


04 


•0 


o 


»fi 


^< 


«0 


o 


CO 


CO 


CO 


^ 


OO 


CO 


T« CD a> Q^ qi) 


S 


5 


CO 


Q 


^ 


•o 


o 


»o 


"^ 


Oi 


CO 


CO 


O 


• 


»o 


c e< o> ^ c<^ T* 


a^ m 


c 

■^ 


1 


O 


1 


1 


o 


1 


1 


o> 


1 


1 


o 


1 


0) 

1 


Q> ■ csi d o d 
1 1 


\l 




























« 






if 


4** 

P<2 


a- 


i'' 


^« 








mi 


3' 




+ 1 


• 3 ? b -='• 






o 

CO . 


9k 




CO 


Q 




Ok 

>• 


■5 


"e* 


■ 

C^ 




m 


CO CO c«> T)" ^ 
t* >* — »o <^ 




:»N. 


«0 


t* 


t^ 


Ok 


tH 


N 


CO 


CO 


"00 


"fc^ 


CD 


«o 


»o 


i> o "^ ko oe 




.^ 


«0 


«o 


N 


o 


«o 


CO 


QQ 


00 


■^^ 


Wj 


*» 


T» 




ov . N o ^ <^ 
o» N o o o 




^ 


Q) 


>o 


rs 


00 


»o 


^ 


O 


<:& 


V 


•«^ 


C5 


•o 


• 




'^1 


o> 


^» 


o^ 


(3) 


9i 


QO 


o 


00 


•0 


-* 


cs» 


r* 


1 


d «> d o d 




2 


1 


1 








1 


1 






1 




1 


1 


1 




^ 






^_^ 




^,_^ 




















• 


.1 




v« 


to 


-li' 


1 

<0 


kt 




p' 


1 


C09 


CDS 

1 

co« 


cx>» 

4 


«o« 








t«d 


o 


r-«> 


f;} 


•-^ 


mi 


mi 


mi 












-^ --a ,o ^ 




V 


V 


« 




c^ 


a 


T» 


o 


w ^ 


0^ 


CD 


a» 


^ 


•co ."3 -OO ^ 
^ >■ ^ 




8^ 


c^ 


«^ 


OJ 




a> 


c< 


)0 


3D 


>• C(^ 


o 


^" 


r* 


o 




.2 


■» 


"^ 


Oi 




0) 


o 


(A 


Qb 


^ C 


CO 


to 


00 


C4 


^00 'O *c< Ci »o 




<0 




^i 


r^ 


00 


OJ 


*• 


o 


r* 


3^ 


t^ 


N 


CO 


'^ 


"> '^ CO CO j^ 

•«0 •© "co «i C5 






• 


V 


• 


• 


• 


* 


ei 


CO 


^ ^ 




4 

* 


CO 

• 


kO 






^ 


1 


o 


o 


o 


1 


6 


0) 

1 


1 


Oi 


OS 

1 


o 

1 


CS> 


. 11-^1 


































1 




«o- 


P*- 


CO" 


1 

p- 


t 

•r» 

CO 


-A" 


«0« 

If 

eo 


CO* 


1 




<o* 


p'* 


1* «)• <o* q» CO* 








•< 








•-> 


fO 


fO 




r^ 


rO 


pO 


f^ 


• 




00 


CO 


CO 




0) 
»0 




OS 


W5 

CO 


•s 


00 




'n 


•a 


•5 •;; "^ * 




o 


^ 


-* 


0) 


95 


c< 


«C 


^ 


c< 


"00 




'« 


"8 


-t* 


't^ 'w > 00 ws 

^ CO ^ t* »^ 




-1 


o 


't 


00 


CD 


I* 


»o 


eo 


CO 


T«» 


00 


■*» 


CO 




0) 


• 


c< 


>» 


• 


c< 


• 






% 





o 
CO 


•»cs 


V 'eo 'oo <^ »« 




0* 


CD 

1 


<3> 


1 


C) 


OK 

1 


o 


o 
1 


o 


1 


1 


1 




1 


/ "^ ^ ^ 1 








^* 




s* 










• 












ssf 


, ou'* 




1 




r 




CU* 




















■S 


IL'* 


<0 


MS* 


<0 


K* 


c3 


p" 


1 


to* 


CD* 

1 
CO- 


CD* 


CO* 


^^ q>- H,- q* CO- 
CO" 




2 


•«> 


rO 


rO 


lO 


rO 


^ 


•-J 


rO 
















S 

^ c"^. . 




V 
































CO 


CO 


to 


o 


o 


>0 


•eo 


•oo 


■cO 






c^ •« "O N ^ 






r* 


r* 












^ ^ 00 




i 


-, 


r^ 


<D 


;d 


eo 


CD 


m 


t>k 


« 


•- 


■*■-*• 


* 


■■ 


.-. — 



o 


o 


t^ 


«^ 


Q 




OO 


(S 


<o 


t* 


<r» 




<fi 


^ 


o 


^ 


T" 


ifi 


O 


t* 


OJ 


^ 


^ 


c< 


o 


lo 


v» 


c» 


O 


o 


o 


«« 


o 


» 


o 


Q 




1 




1 


1 


















_»» 












Wd 










^ 
P 


a? 


4« 


i" 


;i* 


■pj 




rO 


•«A 


,J 






a> 


C9 • 




« 


kO 


t- 


^ 


QO 




m 


CO 


c^ 


o 


C* 


»o 


c< 


Tj" 


^ 


Q> 


t* 


^ 


t^ 


0) 


^ 


c* 


Q 


T- 


^ 


t^ 


»o 


0> 


O 


Q 


Q 


OD 


Oi 


1 


1 




1 












hk 












-P 


V^ 




i" 


;J* 


J* 


4 


1 

4" 


J." 








>^^ 




-J 








r«J 


r^ 


c< 


Ci 


k^ 


W> 


\Ci 




O) 


(O 


C4 


« 


^ 




^» 


«0 


«0 


«* 


t* 


c< 


<3 


»r) 


00 


N 


t* 


«0 


O 


O) 


*• 


M 


<0 


^ 


T« 


a> 


o 


Q 




o 




1 




1 


1 




!S5 


HS" 


:i' 


3" 


3- 


*>- 


P 


s: 












i-o 


PiO 


' *«> 






^ 


^» 


fc^ 


eo 


■m 


f 


CO 


"^ 


M 


«0 




0) 


t* 


^ 


«0 


ffi 


"t»» 


^« 


<i 


»<i 


CO 


to 


*o 


« 


>» 


CO 


^" 


00 


V 


o 


o 


0) 


o 


«> 


'^ 


o> 




1 




1 


1 





CO 



(0< 



«4>fi 



CO' 



q» CO • to 8 



CO 


.<^ 


0) 


«0 


w» 


C8 


▼• 


t* 


Q> 


o> 


cs 


t* 


o 


Q 


« 


»o 


o 


CO 


«0 


e< 


o 


>o 


<30 


t- 


GO 


«i 


to 


^ 


00 


0) 


o 


Q) 


1 


o 


0> 


0) 










^m^ 












a>« 




co» 


-»• 


H)» 




4r 


• 


1 




S 

CO 






Hi 


(9 


•e< 


Y» 




>» 


QQ 


00 


«0 


QO 




<0 


Ci 



i 



OomputaHon ef ToUes' i Objeetive. By Prof . B. Keith. 143 



b; Mt. ToUes, a 



M flKOTB, is 
nwKrds the fi 



npoMd of mvea leuei. 

front, tbe elemente, as givm 





a 


* 1^^ 


^ |-. 


/ 


9 


Berraot[Te index .. ■. 


1'525 


lfi« 


1-S25 


1-525 


1-62 


1-525 


1-55 


BadiiuoflttiiiTbM».. .. 




0-40 






om, 


02S 


0-029 




0-4(1 




1 80 


0-85 










0-13! 


floa 


0-045 0-145 


oos 


0-151 


0025 


DiMoeter 






0-45 


0-22 


O-D&S 



The dut&nces between e and d emd IntireeD / and g are given hj Mr. ToIIm 
a« very en^ll, but not recorded iu his metnoisndom ; I liave t*Jcen for the flrat 
O'OL and for tlie aecond 0-006 of an inch. The adjiutable distance between 
«and/lfr. TollesgiTEB aaO-07 when BdioBted for a cover 0014 of an inch thick. 
I have naed O'OttS uf an inch, whtph slighllj inereaaiw the apertniG, and is the»- 
reticallj correct for balBkm contact, or a cover D'OI6of an inch thick. 
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Irueci Digestion and Development. — The Oommission of the French 
Academy, reporting upon the researches of M. Jonsset de Belleame, 
to whom the Thore Prize was assigned, make the following remarks : 

Until Lvtely the phenomena of digestion in insects were but slightly 
illustrated by experience, although some observations inclined to the 
belief that the stomach fluid of insects had the same properties as 
that of vertebrates, llesearches on the Arachnids, animals closely 
allied to insects, seemed to conflrm this opinion. A foreign tavani^ 
known for some good work, was however led to affirm that the diges- 
tion of insects, whether carnivorous or phytophagous, was effectuated 
under conditions different from those of vertebrates, and he regarded 
the secretions of their digestive tubes as neutral or alkaline. M. de 
Bellesme has made fresh observations, which appear quite decisive. 
Seeing that serious errors are easily made in endeavours to collect the j 

fluid secreted by the stomach, he selected insects, such as Blattids, ' 

which have stomachs with sufficiently large ca^cal prolongations to 
allow of the gastric juice being extracted without admixture of other 
matters, and by these means he has shown that the digestion of 
albuminoid substances takes place solely in the stomach, as in the 
case of higher animals. He has produced artificial digestions with . 

the acid fluid taken from the caacal tubes of the stomach. 

By experiments of a similar kind he has demonstrated, as most 
naturalists supposed, that the sole agent for the digestion of amylaceous 
substances is supplied by the salivai/ glands. 

Another question in insect life has also received from him a final 
solution. Observers have often been astonished to see a winged 
insect of considerable dimensions emerge from a comparatively small 
pupal envelope. The ant lion affords a striking example, and still more 
so the dragonflies and butterflies. At this moment the air filling the 
tracheal tubes, and a sudden activity of the circulation giving rise to 
pressure upon the still soft tegumentary parts, seemed to explain the 
increase of volume, but there was still a difficulty in understanding 
how the win^ were unfolded, and ;0n this point the observations of 
M. de Bellesme on dragonflies are conclusive. 

When witnessing the development of flies, B^umur admitted 
that air was introduced to expand the wings. He said, *' the insect 
drinks in air to fill his body." Evidently he took no account of the 
way in which the air made its entrance into the insect's organism, and 
.for this reason mfuiy authors imagined the remark of the great natu- 
ralist to be without scientific value. Some observers considered the 
expansion of the) body and the unfolding of the wings to be caused 
by pressure of th6 blood, and the fine researches of Mr. J. Eunckel on 
Yolucella demonstrated that an afflux of blood had the result of 
enlarging the head and producing an extension of the wings. He attri- 
buted the movement of the blood to the contractions of the thoracic 
muscles. No doubt, when a fresh activity affects the whole organiza- 
tion, the muscles enter into play ; but the animal is in repose — it has 
not yet taken flight — the muscular action seems too feeble to account 
for the powerful results that are seen. 



NOTES AND MEMORANDA. 145 

M. Bellesme mAde his principal stady on Libellula deprcMUy and 
watched its disengagement from the pnpal enyelope. He saw the body 
swell ont, then the head enlarge, the eyes grow round, and the wings 
spread ont in an uniform manner. At the moment of extreme dis- 
tension, the Yolume of the body exceeded the dimensions it retained. 
While these phenomena were observed, little air penetrated the 
respiratory organs, but a slight prick of the abdomen produced instant 
collapse. In dissecting the swollen insects under water he always 
found the digestive tube filled with air and prodigiously extended. 
When the dragonfly disengaged his head from the pupal envelope, it 
took in air by its mouth as Reaumur supposed, and soon accumulated 
a considerable supply in the oesophagus, stomach, and intestine. In 
its dilatation the digestive tube drove the blood vigorously towards the 
sides of the body, towards the head, and the appendages, and by these 
means expanded the wings in a few minutes. Soon after the intestinal 
canal emptied itself, the body became flatter, acquired its true form 
and coloration, and respiratory movements were established. To 
leave no doubt as to the part performed by the air that entered the 
mouth, a simple experiment suffices. At the right moment let the 
entry of the air to the digestive tube be arrested, or let it escape by a 
prick. In each case the wings do not unfold, or they stop expanding.* 

ImprovemeTUs in the Bivet-Leiser Microtome. — As this microtome 
has an increasing reputation and is becoming more widely known, it will 
not fail to prove interesting if some material improvements which have 
been made in it are published ; they have all stood a thorough test, in 
every way, in trials made at the Zoological Institute. Everyone 
has experienced that when the object gets in a certain position the 
knife has to be drawn too far back, in which case it may easily 
happen that the knife-carrier slips out of its place and falls with the 
knife on to the table or into the lap of the operator. In the first 
case the knife only is damaged, but the second case is positively 
dangerous, as the carrier is of considerable weight, and it is a common 
though a bad habit to clutch instinctively with the hands anything 
falling off the table. , This defect is remedied as follows : — In the 
perpendicular side of the rut for the knife a horizontal groove is 
made, stopping short of the farther end, and about 1 * 5 mm. deep. 
On the ^ife-carrier is a knob, which moves without friction in the 
groove during the process of cutting. It is evident that when the 
knife is drawn too far back the knob comes to the end of the groove, 
and the knife is prevented from falling ont. 

The object to be cnt, as is well known, can only be raised 1 centi- 
metre by tiie inclination of the sloping plane. When the object is 
larger it becomes necessary to loosen the screw and fix it higher. A 
number of suitable metallic plates have now been made which, when 
the cutting is commenced, are laid under the knife and screwed fast 
to it. When the object has been brought to the top, one or more of 
the plates are removed from beneath the knife, so that the latter sinks 
lower, according to the thickness of the plates; and the object requires, 
consequently, only to be drawn back again to enable the cutting to be 
continued. 

* * Gomptes Bendus,* Jan. 7, 1878. 
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In addition to this, the instrument bas been made bhrger (it 
meaBoieB 18^ cm. in length), by which means the object to be cut may 
be considerably longer. 

The most important drawback hitherto, howcTer, was not being 
able to alter easily the direction of the section when the object was 
once screwed down. The whole object had to be taken ont every time, 
and the body in which it was imbedded differently shaped. Those who 
have had to make longitudinal sections through hairs, &c., know what 
that is. Besides this, with the old arrangement it was quite impossible 
to make oblique sections through their whole length of embryos 
which were at all curved. It was generally the case that the sections 
gradually took another direction with respect to the longitudinal 
axis, and not unfrequently the oblique section passed finally into a 
frontal section. In the modified instrument the damp for the object 
is now fastened to a round socket ; by this arrangement it becomes 
possible to alter with great rapidity the inclination of the section in 
every direction, at least within certain limits, more extensive however 
than most objects require. The great advantage of this arrangement 
is self-evident. The round socket ought to be kept oiled with good 
machine oil, and the clamp screw which acts on a lever to fix the 
round socket must never be screwed too tight. The foot is not made 
of cast iron, as before, but is a heavy brass plate. It is best to have 
four knives, two straight and two angular. With these improvements 
this instrument places even a novice in a position to produce excellent 
sections in the course of a short time.* 

The Movement of Microscopic Particles suspended in Liquids, — 
Professor Stanley Jevons records in the 'Quarterly Journal of 
Science ' for April, under the above title, the result of the investiga- 
tions he has made on this subject. He objects to the names ^* mole- 
cular movement/' '* Brownian movement," or Dujardin*s '* titubation," 
and suggests ^^pedesis" from the Greek irrfhrrja-t^^ leaping or bounding. 
The best possible exhibition of die motion is to bNa got by grinding 
up a particle of pumice-stone in an agate mortar, and mixing it with 
distilled water. The minute angular particles will be seen under the 
microscope to leap about with an incessant quivering movement, so 
rapid, that it is impossible to follow the course of a particle. 
The substance most convenient for experiments, he considers, 
however, to be fine pure china clay or kaolin, a small quantity 
of which shaken up with pure water makes a milky liquid, a drop of 
which will show the motion in great perfection. He considers that 
he has completely disproved the suggestion that the motion is excited 
by rays of light or heat falling upon the liquid, or that it is con- 
nected with the shape of the particles ; and from the observations he 
made on Ihe length of time during which the motion will continue, 
he disagrees with the opinion recently expressed by Professor 
Tyndall that it is due to surface tension. He then proceeds to point 
out the intimate connection between pedesis and suspension of par- 
ticles in liquids. In the absence of pedesis, suspended particlee 
attract each other and become aggregated togelJier into little groups, 
which then acquire sufficient weight to force their way down ti^ugh 

* Dr. H. Beiohenbaoh, Anistant to the Zoological Institate of Leipzig Uni- 
veraity, in the * Archiv fur MikroskopiscLe AnHtomie/ xv. 1. 
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the reeiBting liquid ; pedeiic motion prevents the formation of groups, 
and ' keeps the! minute particles apart so that each encounters tiie 
separate resistance of the fluid. 

Pure water exhibits pedesis in the highest perfection, eyen the 
air and carbonic acid usually dissolved in it producing a per- 
ceptible difference. If, however, instead of mixing china clay with 
pure water, it is mixed with a very dilute solution, say one part 
in a thousand of sulphuric acid, the pedetic movement is almost 
entirely destroyed, the same effect being produced by almost any 
minercd acid, and as a general rule by all salts and other soluble 
substances. To this general rule, however, there are certain remark- 
able exceptions, such as pure caustic ammonia (but not its compounds), 
boracic acid, and silicate of soda — gum arabic even possessing the 
power of increasing the motion. Comparing the substances which do 
not prevent the motion with those which do, it becomes apparent that, 
with some doubtful exceptions, they differ widely in the power of 
making water a conductor of electricity. Faraday found that some 
acids, such as the sulphuric, phosphoric, oxalic, and nitric, increase the 
conducting power of water enormously, whilst others, as the acetic 
and boracic acids, produce no change ; gum and ammonia producing 
no effect, whilst its carbonate does, and sulphate of soda and many 
soluble salts producing much effect. The argument in the case of 
pedesis is, the Professor considers, exactly analogous to that which 
Faraday employed in his inquiry into the production of electricity 
by the Armstrong electrical boiler, which he found must be supplied 
with pure distilled water to yield much electricity. The smallest 
drop of sulphuric acid or a little crystal of sulphate of soda prevented 
the evolution of electricity, as also did the addition of any of the 
saline or other substances which give conducting power to water. As 
ammonia increases the conducting power of water only in a small 
degree, Faraday concluded that it would not take away the power of 
excitement, and accordingly, on introducing some to ihe pure water, 
electricity was still evolved, but the addition of sulphuric acid by 
forming sulphate of ammonia took away all power. '* The analogy 
of these circumstances to that of pedesis is so remarkable," the Pro- 
fessor writes, *'that little doubt can be entertained that the same 
explanation applies. It is perfectly pure water which produces elec- 
tricity and pedesis ; almost aJl soluble substances prevent both one and 
the other phenomenon, but ammonia is one of the few exceptions — 
it allows both of electric excitation and pedesis. Boracic acid is 
another exception, and gum a third. ... In spite of some discre- 
pancies and failures, I still think the analogy between pedesis and 
Armstrong's electrical machine so strong, as to leave little doubt 
that pedesis is an electrical phenomenon.*' In attempting to explain 
the exact modus operandi, we can only speculate that the action upon 
a minute irregular fragment will never be exactly equal all round. 
In order that a pcLrticle shall rest motionless in a non-conducting 
fluid, it must be in exactly equal chemical and electric relation to the 
fluid on all sides. That tibis should happen is almost inflnitely impro* 
bable, and a condition of unstable equilibrium within limits is the result. 
The Professor concludes by pointing out that there is probably a 
close connection between pedesis and the phenomena of osmose. 

M 2 
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A Test Object for HiatologistA, — Prufessor Ranvier recommends as a 
test for objeotives intended ^r histological work ('* which are required 
not for flat bodies presenting only fine strise, but for objects of 
irregular and varying forms, rough, concave, or convex "), the isolated 
muscular fibrillsd of the wings of the Hydrophtli. With a power 
exceeding 300 diameters, the alternately thick and thin dark disks 
which characterize the fibrillaa may be seen. 

On the Ehizopoda of the Salt Lake of Szamosfalva. — Dr. G. Entz 
has described the Rhizopoda obtained by him from a salt pool at 
Szamosfalva, near Elausenberg, in Hungary. He procured in all 
twelve species, five of which, all shelled species, are described as new, 
and two of them as the types of new genera. These are Pleuro- 
phrys helix, Pledrophrya (g. n.) prolifera, Euglypha puaiUa, Micro- 
cometes tristrypetuSj and Orbiilinella (g. n.) amaragdea ; the other forms 
noticed are GUiophry$ infunonum, Cienk., Podostoma JUigerum, Clap, 
and Lachm., and five species of Amoeba. 

The majority of the Rhizopods belong to forms which are very 
common in fresh water, but which must probably be referred to the 
category of organisms which occur indifferently in both fresh and salt 
water ; and, so far as this supposition applies to the Amoeba, Dr. Entz 
furnishes a confirmation of it in a subsequent short note, in which he 
states that he found Amoeba Umax and A. radioaa very abimdantly in 
sea-water from Cuxhaven. (He regards the marine forms A, marina^ 
Dnj., A, polypodia, F. E. Schulze, and possibly also Protmaoba 
polypodia. Hack, as probably identical with A, radioaa.) 

Of the forms peculiar to the Szamosfalva saltrpool, two (namely, 
Euglyplka punUa and Mierocometea trisirypetiui) find their nearest rela- 
tions in fresh-water organisms. Pleurophrya helix, on the contrary, 
belongs to a marine type. Of the two new genera, Orbtdindla is the 
most nearly related to the marine perforated Foraminifera, and 
Plectrophrya is referred to the neighbourhood of Pleurophrya, Pin- 
giophryg and Ohlamydophrys, and may be either a marine or a fresh- 
water type. As a negative character bearing on the marine or 
fresh -water affinities of the Rhizopodal fauna of Szamosfalva, the 
author remarks on the total absence of Arcelke and Difflugice, both of 
which are so abundant in, aud characteristic of, fresh water.* 

The Conversazione of the Royai Society on May 1. — The following 
objects of interest to microscopists were exhibited :— Dr. Woodward's 
rectangular prism illuminator, to be used with immersion lenses; 
and Dr. Edmunds' immersion paraboloid (exhibited by Mr. J. 
Mayall, jnn.). A new form of micro-spectroscope, exhibited and 
made by Mr. Adam Hilger on a plan suggested by Mr. Sorby. 
Instead of placing the lens used to focus the slit below the prisms, 
it is placed just above them, and a cylindrical lens is fixed below, in 
order to correct the astigmatism. The advantage of this arrangement 
is that the whole apparatus is very greatly reduced in length ; in 
fact, to about half the usual size. The lens used to focus Che slit 
also serves to focus a graduated scale seen by reflection over the 
spectrum, which enables the observer to measure at once the position 

* Hungarian ' Natorhistoriiche Hefte,' 1877, 3 and 4; 'Ann. Nat Hist.,' 
May, 187& 
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of any abgorption band. An improyed form of micro-speotroscope 
(designed and exhibited by Mr. F. H. Ward, M.R.C.S.), the im- 
provements being (1) quick movement of the slide carrying the slit, 
(2) scale for registering the position of the slit^ (3) arrangement 
fcr comparing three spectra, or for splitting a single spectrum and 
inserting a second spectrum between the halyes, and (4) new form of 
comparison stage. 

The Soiree of ihe Chemical Society, — At this soiree, given by the 
President, Dr. Gladstone, .F.E.S., at Burlington House, on May 30, 
there were exhibited : — A new arrangement of polarizing apparatus 
for the microscope, in which both the polarizing and analyzing prisms 
can be readily shifted out of the field, thus allowing the object to be 
viewed by direct illumination. Apparatus for photographing plates 
of crystals (ordinary-sized microscopic objects enlarged to 3 inches) 
by means of polarized light (both exhibited by Messrs. Murray and 
Heath). 

A French vieto of the Binocular Microscope, — The difference in the 
appreciation of the binocular microscope by microscopists in England 
and America on the one hand, and those of France and Germany 
on the other — in which latter countries Wenham's prism, if not un- 
known, is at any rate almost wholly unused — ^is a phenomenon not 
easily to be accounted for. The following is the view taken of 
binocular microscopes by Professor Ranvier, of Paris, the leading 
histologist of the day, in his book, just published, on 'Practical 
Histology ': — " The binocular microscopes give, it is true, the sensation 
of relief, but they cannot properly be ^led stereoscopic. What 
gives the notion of relief is that our two eyes do not see exactly the 
same image of an object ; it is this principle which has been utilized 
in the stereoscope, in which a different ima le of an object is placed 
before each eye so as to produce a single impression. In the bino- 
cular microscope, on the contrary, there are not two different images ; 
it is the same image which is presented to each of the eyes of the' 
observer. The sensation of relief is the result of an illusion founded 
on habit, and consequently this kind of microscope cannot be con- 
sidered stereoscopic Moreover, these instruments have the incon- 
venience of diminishing the clearness of the image, and it is not 
possible to use them with the higher objectives. The only way of 
obtaining with the microscope a notion of the relief of objects and 
of their superposition is by employing the ordinary microscope with 
objectives of large angle of aperture. As these only allow extremely 
limited portions of the objects to be seen, we get a complete know- 
ledge of the latter by varying the focus by means of the fine adjust- 
ment. The respective situations of two points of the same object 
and of two different objects will be determined by the impression 
conveyed by the alteration of the fine adjustment necessary to see 
them successively. In short, the binocular or stereoscopic microscope, 
which is a good instrument for demonstration, cannot be employed 
in histological researches." 

The views held by microscopists in this country are, it is needless 
to say, widely different from the foregoing, and agree with those ex- 
pressed by Dr. Carpenter in ' The Microscope and its Bevelations.' 
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On p. 59 (fiflii edition) he sayfl, ** It is easily shown theoretically, 
that the picture of any projecting object seen tiiirongh the microscope 
with only the rt^A^-hand half of an objective having an even moderate 
angle of aperture^ must differ sensibly from the picture of the same 
object received tnrongh the left-hAud of the same objective; and 
further, that the difference between such picture must increase with 
the angle of aperture of the objective." 

*' The stereoscopic binocular is put to its most advantageous use 
when applied either to opaque objects of whose solid forms we are 
desirous of gaining an exact appreciation, or to transparent objects 
which have such a thickness as to make the accurate distinction 
between the nearer and their more remote planes a matter of import- 
ance" (p. 69). 

At page 79 the writer draws attention ^ to two important advan- 
tages " he has found the binocular to possess. '* In ^q first place, the 
penetraiing power or focal depth of the binocular is greatly superior to 
that of the monocular microscope;" and in the second place, when 
employed on objects suited to its powers, '* the prolonged use of it is 
attended with very mvtch less faJtigue than is that of the monocular 
microscope." 

The Bevivification of Diatoms, — Mr. Habirshaw, of New York, 
states that *^ in 1871, Captain Mortimer brought from San Francisco 
in his ship a large bottle of diatoms (from fresh water), intending to 
study them during the voyage. When he arrived in England they 
were still alive, but afterwards dried up and remained in that state in 
his cabin until the summer of 1877 — a period of six years. Having 
found the old bottle, which we knew very well, we refilled it with 
water, and on examining it several days later we found some living 
specimens in it. At first this phenomenon inspired us with some 
doubts, but after a subsequent examination we came to the conclusion 
that these diatoms really were alive. The vessel has gone to sea 
again, and we await its return to verify anew the facts which we 
observed." * 

A Method of Staining Bapidly, — I have long known that carmine 
staining acts quicker when the watch-glass containing the carmine 
and the section was not covered. But there is the dLsadvantage in 
this method, that particles of dust settle on the surface of the fluid, 
and are apt to adhere to the section on its being taken out. I 
recently tried warming the fluid, in order to overcome this drawback, 
and also because I thought that the more rapid evaporation of the 
carmine solution accelerated the colour being taken up, and I arrived 
by this means at surprisingly favourable results. 

After the first attempt had proved successful, I modified the 
procedure as foUows : — Over a water-bath (only partly filled) with a 
large opening, a wire netting is placed, upon which, as soon as the 
water begins to boil, the section is put in a watch-glass containing 
the carmine solution, and exposed to the action of the steam. In the 
course of from two to five minutes the sections are completely stained. 
They are then washed twice in distilled water, placed for a few 
minutes in common alcohol, and for the same time in absolute alcohol, 

* * Journal de Mictographic' 
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and may then be plaoed under the microsoope in oil of oloYes. Thus 
the whole procesa does not take more than ten minutes. 

The sections are not only quickly but well stained, and indeed, 
as I hare found by comparing results, for the most part better even 
than when submitted to the slow adtion of the carmine. 

I have, however, only treated sections of the central nerve 
system (brain and spinal marrow of man and animals) by this 
method, but it ought to be applicable to other structures. It is, of 
course, understood that the previous preservation and hardening of the 
preparation must be well done in order to obtain a corresponding 
staining. For fresh preparations or for preparations in alcohol 
(which latter are generally to be avoided as much as possible with 
the central nerve system^, this method does not answer ; objects colour 
best which have been nardened in cbromate of potash (especially 
with the addition of a few drops of chromic acid). 

Moderate heating does not hurt the preparation ; the precipitate 
of carmine, which might be thrown down by it, may readily be 
avoided. A neutral ammoniacal solution of carmine, not too con- 
centrated, furnishes all that can be desired. 

It is not only on account of its rapidity that I now generally 
adopt this method, there is in addition the advantage that the 
preparations thus treated are coloured in a specially sharp and dis- 
tinct manner ; for example, the connective-tissue corpuscles, together 
with their long continuations into the substance of the brain, which 
insert themselves in the adventitia of the vessels, come out with a 
distinctness which it is difficult to obtain by other means.* 

A New Field for the Microscopist (the FlageUate Protozoa).— In the 
April number of the * Popular Science Eeview,' Mr. Saville Kent, after 
referring to the improvements which have been made by opticians, in 
this and other cotmtries, in the construction of object-glasses, and sug- 
gesting that *' it would be a matter for congratulation if we could place 
on record side by side with this attestation to the mechanical perfec- 
tion and improvements of our magnifying instruments, evidence of an 
equivalent amount of progress achieved by microscopic workers in 
those new fields for investigation thrown open to them by the skill of 
the optician," proceeds to give a descriptive outline, with illustra- 
tions, of certain of the Flagellate Protozoa — ^^ an. extensive series of 
forms that have so far, on account of their exceedingly minute size, 
altogether evaded the notice of the microscopists of this country, but 
which at the same time most certainly surpass all previously dis- 
oovered types, equally in the wonderful symmetry of their individual 
form and in that of their aggregated mode of growth, requiring for 
their satisfactory interpretation the employment of the most powerful 
and high-class magnifying powers." 

It is impossible within the limits of a " Note " to give any intel- 
ligible abstract of Mr. Kent's detailed description of some of the 
forms, for which the paper itself mast be referred to. Some of them 
are described and figured in a paper read by the author before the 
Boyal Microscopical Society, and printed in the * Transactions ' for 
January 1872. 

The close relationship which, as Mr. Kent considers, undoubtedly 

* Dr. H. Oberateiner, in ' Arehiv f. Hikrotkopisohe Anatomie/ xt. 1. 
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subsists between the sponges and the extensiye group of independent 
collar-bearing Flagellate Protozoa, is discussed at some length ; and 
while recommending these organisms to the attention of working 
microscopists, it is pointed out that it is mnch to be desired that they 
should supplement their observations by a practical examination of 
the structure of all such sponge forms in the living state to which 
they may have access. In either field our knowledge may be said as yet 
to extend no farther than the threshold, and in each of the same there 
is probably more original discovery waiting to be achieved than in 
any other group of the organic world. 

Mr. Kent gives the following hints as to finding these interesting 
forms. Either salt or fresh water will be found to yield its quota ; 
those frequenting the last-named element being usually the more 
accessible, will most probably command first notice. The investi- 
gator should procure from the nearest weedy ditch or pond a bottleful 
of the finely divided leaves of MyriophyUum^ or of tangled oonfer- 
void growths, in either case selecting more especially those brown- 
hued specimens coloured by a dense incrustation of other more 
minute vegetable and animal parasitic growths. Care should be 
taken to enclose with the water as large a number as possible of the 
specimens of Cyclops and other Entomostraca, to which will frequently 
be found attached species rarely, if ever, to be met with elsewhere. 
Patiently exploring every filamentous division of the weeds with a 
power of 900 diameters, it will be scarcely possible to miss en- 
countering one or more of the species, which with so low a power will 
appear as mere luminous specks, and will require a power of 2000 
diameters for their proper identification. 

The Royal Microscopical Society of the Sandwich Islands, — King 
Ealakua has recently established in his dominions a Society under 
the above title ; particulars of its constitution and operations are on 
their way to this country. The king has always given active encou- 
ragement to science, and in his honour a new fqngus, lately discovered 
growing on a boat thrown up on the beach near Honolulu, has been 
named (by Mr. J. P. Moore, of San Francisco). PoZ^j?ortt8 Ejolakwi, 

CouTd Caatracane on Diatoms. — At a sitting of the Botanical 
Society of France last summer. Count Castraoane exhibited more than 
2000 photographs of diatoms magnified 535 diameters, and stated 
that his entire collection contained about 8000, of which the nega- 
tives were carefully preserved. He described his mode of ascertaining 
the number of stried in a given space. He projects the image of a 
millimetre divided into 100 parts, so that the enlargement of each ^hr 
of the millimetre occupies a space on paper of 18 centimetres. 
'* Taking," he says, " a power of this measure, I superpose an image 
of the diatom, selecting the clearest part, and then determine with 
certainty and without fatigue the number of 8tri» that correspond 
with the space of -j-^ inch." 

His measuremeuts led^ him tp deny that Natncula crassinervis^ 
N. rhomhoidea Ehr., and Frusttdia Saxonica Baben., belong to the 
same species. He exclaims, '* How could I believe this, when I am 
assured that in N, rhomhoidea Ehr. the longitudinal divisions, or, 
more correctly, the intervals between its rows of granules in the 
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longitudinal direotion, are smaller than those between the transverse 
rows, while in N, crasainervis the opposite is observed, and the trans* 
verse intervals are much narrower than the longitudinal ones.'* 

Beferring to the use of monochromatic light by Amioi, he stated 
that he used *' a prism of 85^ of flint glass, in which the solar ray is 
decomposed in immersion and emersion," and that a Paris optician 
was going to make a cheap and suitable helioetat. He usually 
employed the blue, or green, or extreme violet rays, but practice was 
necessary with the latter to get used to the demi-obeourity.* 

The New OU-immeraion Object-gUu$, — The Bev. W. H. Dallinger 
writes to * Nature ' : — '* As a piece of workmanship this lens is extremely 
fine ; and it can be used with quite as much ease as an ordinary im- 
mersion ^inch objective. It works admirably with Powell and 
Lealand's ordinary sub-stage condenser, with Wenham's reflex illu- 
minator, and with the small plano-convex lens which the maker sends 
with it to be fastened to the under surface of the slide with the oil of 
cedar wood. But I have also secured admirable results with the 
illuminating lens of Powell and Lealand*s supplementary stage, 
which gives entire command over the angle of the illuminating ray. 

'* The spherical aberration is beautifully corrected, the field being 
perfectly flat. The colour corrections are, so far as the lens goes, 
equally perfect ; but are somewhat conditioned by the dispersive 
power of the oil, which can be modified readily. The sharpness and 
brilliance of the definition which this lens yields is absolutely unsur- 
passed, in my experience ; and it has a very great power of penetration. 

'* I tested it with a series of tests with which I have proved and 
compared the glasses of various makers in England, the Continent, 
and America for some years. Up to the time of receiving this lens, 
the i-inch that had done the most in my hands, was one of the ' new 
formula ' lenses of Powell and Lealand. It is but justice to say that 
all my most crucial tests were equally mastered by the lens of Zeiss. 
I have not been able to do more with it than with the English glass, 
hU the same residta can be accomplished much mare readily. The cor- 
rection has to be brought into operation, and careful adjustment 
made, to get the finest result with the English lens ; but the German 
glass has simply to be brought into focus, and the best result is 
before the observer, provided that the light has been adjusted in the 
most efficient manner. It is true that for sharp and perfect definition 
we must be careful to adjust the length of the draw-tube ; in working 
this lens there is much need of attention to this matter ; and speaking 
from a practical point of view, it takes the place, in securing crisp 
definition, of the screw-collar adjustment, altiiough, of course, much 
easier of application. But it is so easy to work the lens with fine 
results on the more delicate tests, that I think that those who make 
the resolution of these their primary object in the possession of a 
microscope, can scarcely fail in. securing their utmost desire. It is a 
glass pre-eminently suited for the resolution of difficult lined or 
beaded objects. 

" Amphijphura pellucida is easily resolved into delicate beads when 
the frustules are moderately coarse ; and almost any that can be met 
with are resolvable into lines ; and this when these diatoms are 

* 'Bulletin de la Soc. Botaniqae de France,' t. zxiv., 1877. 
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mounted in balflam. The highest eye-pieces made may be used 
without any practical detriment to the image, althoogh, of coarse, 
with a rednced sharpness of the definition. 

** On the whole, 1 think it in many cases the finest lens, of its 
power, that I have ever seen ; and in every sense it is an admirable 
acquisition." 

In conclnsion, Mr. Dallinger refers to " another feature in the use 
of this lens which is a drawback," viz. that the oil is a solvent of 
most varnishes and gums used in mounting and finishing slides 
(which may be remedied by coating the edge of the cover with 
shellac varnish) ; and also to the necessity for the objects, sach as 
frostules of diatoms, to be '^ burnt " on to the cover or mounted i)i 
balsam or other fluid with an equal refractive index. 

Dry V. Immersion Objectives. — In the same letter Mr. Dallinger 
observes : — ^^ Even water immersion lenses are of very limited service 
in observatioDS continuously conducted upon minute living organisms 
in fluid. We may gladly call in their aid, in the determination of a 
delicate change of form, or in the more perfect detection and defi- 
nition, of an obscure point of structure ; but for steady and constant 
work we are bound to avoid them ; for the fluid under the delicate 
cover is in danger every moment of being * flooded ' by coming into 
contact with the water on the top of the cover, and between it and the 
lens ; because the movements of the organism have to be counteracted 
by the movements of the mechanical stage, in order to keep any form 
that may be studied in view constantly. Bat this opens to us the 
possibility of going to the edge of the cover at any moment ; and thus, 
by the mingling of the fluids, rendering the observation void. This, 
of coprse, will apply still more fully when, as in the case of the valu- 
able glass of Zeiss, the ' immersion fluid ' is an essential oil. 

*' Happily it is only in special cases that the greater analyzing 
power, combined with larger working distance, which is possessed by 
immersion lenses, is required. It is in the earlier study of an 
organism, and before continuous work upon it has begun. Aad even 
if it be not, in the majority of cases a first-class dry English lens of 
a higher magnifying power, if efficiently used, accomplishes all that 
is required. Hence the fine ' new formula ' lenses, dry (also provided 
with fronts to be used as immersion lenses), are as yet an unsurpassed 
boon for this special class of work. And certainly it is one which, in 
relation to biology, has a most important future. I know, of course, 
that the optician has irresistible limitations to deal with ; but the 
' new formula ' dry lenses I have referred to, prove, in comparison 
with the preceding lenses, made by the same firm, that the dry lens 
was capable of most serviceable improvement. What is important, 
therefore, is that the larger demand for lenses that will resolve readily, 
difficult lined and beaded objects, which can certainly be best done, 
all things being equal, with immersion lenses — and to the improved 
manufacture of which Zeiss' oil immersion gives apparently a new 
departure — should not lead the best opticians in England, the Conti- 
nent, and America to abandon efforts for the still greater improve- 
ment of their dry lenses. They are of the greatest value to the 
practical biologist, working amidst the minutest living things in 
nature, and from the study of which so much may be anticipated." 
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King's Collboe, London, May 1, 1878. 

H. J. Slack, Esq., President, in the chair. 

The minntes of the preceding meeting were read, and were signed 
by the President. 

Professor Abbe, of Jena, was balloted for, and nnanimonslj elected 
an Honorary Fellow of the Society. 

A list of donations to the Society was read, and the thanks of the 
meeting were voted to the donors. 

Mr. C. Stewart (Secretary^ then read a paper '' On a new British 
Cheyletus," by Mr. A. D. Micnael. The paper was illustrated by care- 
fully executed drawings, and minutely described the structure and 
habits of the insect, which it was proposed to call Cheyletus flaheUifer, 

The President, in proposing a vote of thanks to Mr. Michael, 
called attention to the yery beautiful illustrations with which the 
paper was accompanied, and obsenred that he had himself found 
another species recently in the bark of cherry trees, which at the 
present time of year contained a large number of small insects, such 
as mites of various kinds, Chelifers, spiders, PodursB, &o. 

Dr. Braithwaite suggested the desirability of bringing forward 
such papers as the one which had just been read, and urged upon the 
Fellows generally that they should not content tiiemselves by merely 
subscribing to the Society and attending the meetings: there was 
much to be done in the way of similar observation and descriptions. 
This family of the AcaridsB, especially, opened up a wide field for 
investigation, and the same might be said of the Cryptogamia and 
other botanical subjects. Now that their new Journal was being 
started, it was very desirable that Fellows should encourage it by 
working out small monographs on various subjects similar to the one 
they had just heard. 

Mr. S. J. Mclntire, in reply to a question from the President, said 
that about twelve years ago he had given some attention to the sub- 
ject, and had then met with two species of Cheyletus^ one of which was 
O. erudiius, and the other was thought not to have been before de- 
scribed. With regard to colour, he had at that time observed that 
a quantity of Cheyleti found behind a cage where some birds were 
kept, were of the same red colour as the bird mites upon which they 
had been feeding, and not of their usual orange colour. 

Mr. Stewart inquired if the red colour was difPosed all over the 
insects, or whether it was merely seen through the course of the ali- 
mentaiy canal ? 

Mr. Mclntire said it was generally diffused, but when the insects 
had been feeding the darker course of the alimentary canal was clearly 
marked. 

The President inquired whether it was also the case with regard to 
mites as with spiders, that they would attack and eat one another up? 
Mr. Mclntire said that, as a rule, any mite would eat up another 
which was not strong enough to defend itself. 
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The President said .that they had receiyed a very important paper 
npon blood-corpusdes, which, however, it was impossible to read tn 
extenso, especially as it was illustrated by numerous drawings, apart 
firom which it could not be very readily understood. Mr. Stewart had, 
however, carefully read the paper, and would give them a rSsumS of 
its contents, and the paper itself would appear in full in the Journal. 

Mr. Stewart said that the paper in question was in continuation 
of one formerly read before the Society upon blood-corpuscles, and 
which was already in print They would probably remember that the 
author (Dr. H. D. Schmidt, of New Orleans) then described his obser- 
vations upon the blood of man, and he now proceeded to follow 
this up by some further remarks, and to make comparisons between 
what he had seen and the blood of the Amphiuma, frog, and of man. 
Mr. Stewart then, by means of drawings on the black-board, described 
the chief points of the paper, and indicated the line of argument taken 
and conclusions come to by the author. 

The President proposed a vote of thanks to the author of the 
paper, and also to Mr. Stewart for the very excellent description 
which he had given of it. Carried unanimously. 

The President called attention to the Scientific Evening which it 
had been arranged should be held on the 15th instant, and urged upon 
the Fellows the desirability of their bringing up their instruments 
with any objects of interest upon the occasion. He hoped that no 
effort would be wanting to secure a good attendance and make the 
meeting a success. 

The President said that it had been thought that their ordinary 
meetings might be made more interesting if, after the papers had 
been read, the Fellows would bring forward any notices of objects 
of interest which might have come before them, or of any matter 
relating to their microscopical pursuits upon which it might be de- 
sired to obtain any ftirther information. With a view of setting the 
example, he would just mention two little matters which might serve 
to start this plan amongst them. He believed that at the present 
time specimens of the very beautiful Lissajou's curves, drawn micro- 
scopically by Mr. West, could be obtained, and he would strongly 
advise Fellows who were interested in the matter to get them, with 
a view to the solution of some curious questions of interpretation. 
If they procured a specimen of these curves in which the lines crossed 
one another more or less obliquely, and began to examine it with a 
4-inch objective, illuminating it with a larger spot lens than usual, 
they would get some very beautiful effects of colour, but they could 
not obtain a really correct view of the object itself, because of the 
very striking character of the false perspective, which made it seem 
as if one set of curves passed a long way behind the others. It seemed 
to him that, if they met with any similar arrangement in nature, they 
would not be able to detect the fallacy, except by some process of 
reasoning from analogy. He should advise that these objects be ex- 
amined by various powers up to -^ inch, and was sure that some very 
instructive results would follow. With this power they did not get 
at all a true idea of the object, but they did obtain a still more curious 
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optical puzzle than was the case with the lower powers ; in fact, the 
effect obtained was one which, if it had occurred in any object where 
there were fibres or strisd crossing each other in a similar way, would 
easily lead to the true character of such an object being mistaken. 

There was one other little matter which he*^ thought it might be 
of some interest to mention. Among the species of black fungi which 
were found infesting orange and other trees, and which appeared in 
great abundance last autumn, one attacked a bay tree or true laurel 
growing out of doors, and it seemed able to remain and grew upon 
&ie lei^ for a long time without injuring it Many of the leaves 
which he had examined did not seem at all damaged, although the 
fungi had remained upon them from last autumn to the present time. 
It was quite easy to take them off with a penknife, and as there was 
no penetration of the fungus into the structure of the leaf, as soon as 
the film was remoyed the leaf seemed all right again. A fungologist 
to whom he had shown it, thought it to be a species of Capnodiwrn. 
(Drawings of its general appearance were then made upon the black- 
board.) An interesting physiological question arose in connection 
with it : What was the good of the plant to the fungus if it did not 
penetrate the structure of the leaf? The respiration of plants was 
the same in principle as that of animals, but they were also able to 
do what ft^niinftlR could not do, and that was to digest carbonic acid. 
Whether any of the matters exhaled by the leaf were of use to the 
fungus, he could not say. Specimens of the leaves with fungi upon 
them were then handed round, in the hope that some gentleman 
present might be able to identify them, 

Mr. Thomas Palmer said he had found a very similar fungus 
recently upon the leaves of the Arbutus. It did not penetrate the 
leaf^ but was merely a kind of surface fungus, and could be readily 
brushed off by tolerably stiff bristles. He had, however, observed 
that when the black mass had been removed, the leaf underneath was 
of a much lighter colour than the surrounding parts. 

The President had found a number of small beads, in irregular 
grape-like groups, in connection with it, which he thought might pos- 
sibly be spores. 

Mr. Yize said that, without examining the specimens more closely, 
he could notdetennine the species ; his impression, however, was, that 
it was an immature form of OofmodttMn, which, as a rule, it was very 
difficult to find in England in the mature state. Under a bell glass, 
with sufficient warmu and moisture, they could be got to develop 
more fully. 

The President inquired if Mr. Yize could answer the question, 
of what special use was the plant to the fungus ; what caused it to 
establish itself there ? 

Mr. Yize could only suppose that the spores had dropped at some 
time upon the lea^ and having found a nidus, had there developed. 
It was well known that the spores were carried about in the ur, and 
that special spores were deteloped in special positions which happened 
to fietvour their habit of gprowth. 

Dr. M. C. Oooke, in reply to a question from the President, said 

VOL. z. N 
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that the drawings made upon the black-board sufficiently convinoed 
him, without looking further at the specimens, that the plant which they 
had there was one which was common on almost all the hard-leaved 
shrubs, Ckijpnodiam Footiu It was the early condition of it, and be- 
yond which it seldom proceeded farther in this country. It consisted 
chiefly of a pellicle of mycelium, the free cells of which gave rise to 
the quantity of threads shown. In the fourth volume of &e Journal 
of the Horticultural Society they would find a paper upon the subject 
by the Bev. J. M. Berkeley and Desmazi^res, in which it was folly 
described, and which, he believed, gave rise to the genus Capnodium^ 
which at present contained three species, of which tibis one, C, Footii^ 
was the most common. With reference to the pellicle being so easily 
removed, he had the honour of reading a paper before the Boyid 
Horticultural Society upon this subject, and the conclusion at whidi 
he then arrived was that in many cases it appeared that this fungus 
developed itself upon the honey dew and other secretions upon the 
surface of the leaf. For instance, the lime tree was well known for 
the quantity of sweet matter found upon its leaves, and in the autumn 
it was not unusual to find almost every leaf affected by a black, sooty 
appearance, which was nothing more nor less than CkvpnodiufOy and it 
appeared certain that this fungus drew its nutriment from this secre- 
tion of saccharine matter eiti^er by some of the Aphis tribe or by 
the plant itself, without striking at all into the substance of the leaf. 

The President felt sure they were all very much obliged to Dr. 
Cooke for the very interesting remarks which he had made. It 
showed that if the Fellows of the Society would sometimes mention 
things which came under their notice, it might, as in the present 
instance, lead to a very interesting communication from some one 
present who might be qualified to give them the further information 
which they required. 

The following gentlemen were elected Fellows of the Society : — 
Mr. Amos Hobson; Mr. George Brook; Mr« G. A. Woods; and 
Mr. Frank Campion. 

SoiEKTiFtG EvENixa, May 15, 1878. 

The last scientific evening of the session was held, by kind per- 
mission of the authorities, in the libraries of King's College, on the 
15th of May. There was a good attendance of the Fellows, and as 
the subjoined list will show, apparatus and objects of great interest 
were eidiibited. The Society were indebted to Messrs. How and Co. 
and Mr. Baker for the use of a number of excellent lamps. 

List of ObjecU Eephibiied* 

Mr. J. Badoock : FrederieeUa tuUana, and a supposed new ciliated 
Infosorian. 

Mr. J. W. Bailey : Folding microscope with large stage, and 
nummnlitic limestone. 

Mr. Charles fiaker : Zeiss' new i oil immersion object-glass not 
requiring correction. 

Mr. Thomas Bolton : Hydaiina €ent€u 



PB0CSEDING8 OF THB SOdBTT. 163 

Mr. J. Browning : Stained and injected preparations iUnstrating 
the anatomy of the Frog ; and a new lantern miorofloope with ozy- 
hydrogen light, for nse with ordinary objects and slides. 

Mr* J. C. Bnrch : New reflecting micrometer. 

Mr. Bochford Connor : A set of beantifal drawings of microscopic 
objects, comprising Foraminifera, Folycystina, DiatomacesB, and other 
objects. 

Mr. Frank Orisp : A pair of large Nicol's prisms 12 inches long, 
with 8^ inches clear field ; a set of large qnartz crystals 8^ inches 
oyer, and other objects for exhibition with the prisms. Made by Mr. 
Ahrens. 

Mr. Thonuu9 Onrties : Lophoptu crystaUinus; a selection of the Bey. 
J. Yize's micro-fnngi mounted, and a collection of Professor Cleye's 
diatom slides. 

Mr. F. Enock : Some insect preparations mounted without pres- 
sure ; tongue of Oerceris arenaria^ <&c. 

Mr. F. Fitch : Beprodnctiye organs of Nofnada lineoia^ both male 
and female ; a parasitic bee, &o, 

Mr. 0. J. Fox : Mica combination of twenty-four films, showing 
by polarized light the first three orders of the Newtonian spectrum, 
diyided into eighths ; mica combination of eighty-four films, showing 
Airy's spirals ; and crystals of sulphate of cadmium, with polarizing 
apparatus rotating by clockwork. 

Mr. W. H. GUburt : Section of yew, TaoMs haccata. 

Dr. W. J. Gray : Fungoid cancer of mamma, double stained by 
Mr. Cole. 

Messrs. How and Go.: Sections of rocks, Iherzolite from the 
Pyrenees, Cornish serpentine, and hornblende schist 

Dr. Millar: Sections of Aearmu innomkuUus^ and one showing 
that the recuryed spicules figured by Carter as Acamw innominaius 
is a distinct sponge. 

Mr. A. D. Michael : A new species of Cheyletua, proposed to be 
called a fiabdlifer. 

Mr. Fred. Oxley : A supposed new species of CBcistes. 

Mr. B. W. Priest : A sponge, Hal%fphy9ema tumanowiezii, 

Mr. G. P. Price : Some anatomical preparations, injected intestine 
of rat, duodenum of rat, &c. 

Mr. A. Pumphrey exhibited and described his new process of 
autographic printing, which he illustrated by means of a sketch 
brought by a Fellow to the meeting. 

Messrs. Boss and Co.: New Zentmayer microscopes-stand with 
recent improyements, and Wenham's high-power binocular prism, 
showing the Podura scale with ^ and -^ object-glass. 

Mr. W. W. Beeyes : CaUidina sent up by Lord S. G. Osborne 
during April, 1878, and kept aliye by haying water put to them about 
once in six or seven month&; 

Mr. H. J. Slack : Cheyletus emdiiiu and other mites. 

Mr. James Smith : Specimens of leaves, showing hairs and spines. 
Mr. H. C. Sorby : Drawings made with pigments from human 
hair, one red and the other black. 

N 2 
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Mr. (fharloB Stewart : Sporogonia of Funaria hygrameirieaj and 
flKiine new Polyzoa. 

Mr. Amos Topping : Varions patterns of grouped Polycystina, and 
some injected preparations monnted in balsam, but preserying the 
troe form as in fluid momiting. 

Mr. F. H. Ward : New form of micro-spectroeoope ; speotrmn of 
didymium, didymimn glass, &c. ; and sections of the stem of ^a- 
edlypiua stained with carmine, logwood, Ac 

Mr. Eobert G. West : Lissajou's corves on glass slides for the 
microscope. 

Knro*B CoLiJDQa» Londoh, June 5, 1878. 

H. J. Slack, Esq., President, in the chair. 

The minutes of the preceding meeting were read, and were signed 
by the President. 

A list of the donations received since the last meeting was read 
by the Secretary, and the thanks of the Society were voted to the 
respective donors. 

The President said that under the old practice of the Society its 
meetings took place on the second Wednesday in the month ; but when 
the * Monthly Microscopical Journal ' was commenced, it was repre- 
sented to them by the Publisher that this did not give sufBicient time 
to allow of the ' Proceedings ' appearing in the next monthly issue. On 
this account their night of meeting was altered to ^e first Wednesday 
in the month, which had been found to clash with the meetings of the 
Geological Society and some others, to the great inconvenience of 
many of the Fellows. Under the new arrangements for the Journal 
there would be no difficulty in regard to the publication of the * Pro- 
ceedings ' if their meetings were held later in the month ; and it had 
therefore been suggested that they should revert to the original plan 
of meeting on the second instead of on the first Wednesday in the 
month. Their next meeting would not take place until October, 
before which time a new list of meetings would be issued, and in which 
the alteration would appear. It was not quite formal to bring the 
question before an ordinary meeting, but the Council — ^with whom it 
rested to make the change — thought it better to mention it this 
evening, so that if any Fellow had any objection he might be able to 
state it All that the Council wished was to accommodate the greatest 
number as much as possible. 

There being no objection raised, the President formally announced 
that in future the meetings of the Society would be held on the 
second Wednesday in each month during the session. 

The President said the meeting would be pleased to hear that 
they were fiivoured with the presence that evening of Professor Stokes, 
Sec. B.S., who had come up from Cambridge to read a paper he had 
prepared on the angular aperture of object-glasses, and which it was 
considered would entirely dispose of the points formerly in contro- 
versy on this question. Before he read it, the Secretary would read 
a note by Professor Keith, bearing on the san\e subject 

Mr. Frank Crisp (Secretary) then read the note by Professor Keith, 
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which was entitled '< On the Besnlts of a Computation relating |p ToUes' 
^ Objectiva" It was aocompanied by photographs of the Professor's 
oompntation and of his diagram of the objectiye, showing the lenses of 
which it was composed and the path of a ray through it. 

Professor Stokes, after disclaiming for his paper all the importance 
attached to it by the President, proceeded to r^ it with oonmients, 
illustrating it by reference to diagrams, and by drawings upon the 
black-board. 

Mr. Ingpen ventured to make a few remarks on the practical 
bearing of the paper they had just heard. The theory was evidently 
correct, and would not be doubted by anyone acquainted with the 
more advanced optics, but there was some practical difficulty in 
securing an illuminating pencil which could utilize the increased 
angle of aperture obtained by the new arrangement. This could not 
be done by any ordinary condenser, where the light impinged upon 
the under side of a flat surface, but it was effected by Professor 
Abbe's immersion illuminator, and others constructed on similar 
principles. Another difficulty — one for the optician — was to con- 
struct such middle and back combinations for the objective as would 
utilize the large cone of rays entering the front hemisphere. This 
Professor Abbe had c^tainly achieved to the extent of 113°, which was 
a great advance on all previous apertures. 

Mr. J. W. Stephenson (Treasurer) said it was true that they were 
limited to an equivalent angle of 180° in air if they had a pkme dry 
surface beneath the slide ; to get the full effect they must, of course, 
have some medium to connect the condenser with the balsamed object 
instead of air; Professor Abbe had now devised an immersion con- 
denser having a balsam angle of 188°. 

Mr. Mayall, jun., said that Professor Abbe had not been the first to 
devise means of illumination far exceeding the limit that obtains when 
the base of the slide is flat and dry. A lens almost exactly similar 
to Professor Abbe's was figured by Mr. Wenham in tiie ' Quarterly 
Journal ' more than twenty years ago, and the purpose was the same, — 
to obtain extremely oblique illumination. Mr. Wenham suggested its 
use with the paraboloid. Then we had the reflex illuminator, that 
works well up to a moderate limit ; the immersion semi-cylinder that 
permits the rays to fall on the object, when mounted on the slide or 
in balsam, at an inclination approximating to 90° in glass, and various 
forms of immersion prisms, among which Dr. Woodward's is par- 
ticularly practical. He did not understand Mr. Ingpen's difficulty in 
providing oblique rays of sufficient intensity for practical use, as the 
difficulty he had found was to regulate the amount of the light, not its 
obliquity. For example : by blocking out the whole of that part of the 
illuminating pencil on a balsamed object that corresponds to the air 
pencil of 180°, and using only rays beyond this inclination, he had 
found, with objectives having balsam angle of 96° and upwards, the 
more difficult images were made more appreciable by the eye. It 
appeared to him it was the excess of angle beyond 82° in glass of the 
illuminating pencil that enables us to see the more difficult images ; 
and so it is with the aperture of the objective. In the demonstration 
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given b^Pro£98Sor Stokes the object is supposed to be self-luminous, 
emittin*a pencil of lays of 180^ in glass, which x>enoil was shown to 
pass bj a single refraction, without aberration, from the front lens, and 
to present to the second lens a pencil in air of only just beyond 81^. 
Professor Stokes did not say the whole of this pencil can be made 
available in a practical construction, but he stated that a very con- 
siderable portion of it — ^largely in excess of what is available in a dry 
lens — could be so used. After this demonstration the question of the 
possibility of immersion lenses having apertures exceeding the 
maximum possible in dry lenses would be se^ed from the theoretical 
point of view. His opinion on the validity of Professor Keith's com- 
putation of the aperture of Tolles' | — Mr. Crisp's lens — must also be 
conclusive. It remained to endeavour to support the computation by 
actually measuring the aperture of the lens before the meeting — whidi 
he proposed doing, not of course expecting any general agreement at 
this stage of the discussion as to the least objectionable way of 
measuring apertures, especially with this individual lens. He would 
be content to show the measurement by Professor Abbe's apertometer, 
the results obtained with which he had found to correspond with those 
obtained by a modification of Professor Robinson's method which was 
submitted to Professor Stokes, and for the accuracy of which he had 
his authority. A method was specially commended by Mr. Charles 
Brooke in one of his Presidential addresses, viz.: to measure the 
working diameter of the front lens, which is taken as the base line 
of an isosceles triangle ; taking the exact focal distance as the per- 
pendicular, the triangle would represent the angle of aperture. The 
objection to this method in practice, was that when it was tried with 
the i lens, the data furnished were so various and contradictory that 
no reliance could be placed on the results: in one case the focal 
distance being given as 0*18, then *018; in another *026, — the 
working diameter being given first as - 048, then as * 083. 

Professor Stokes said that of course it would be understood that, as 
stated by Mr. Mayall, he confined himself to the consideration dT a 
point as if it were self-luminous, and contemplated that the object was 
illuminated by immersion ; if they let in light to the plane surface in 
air they would be limited to twice the criti^ angle. 

The President announced that they had received a letter from 
Professor Abbe, thanking the Society for the honour done to him by 
his election as an Honorary Fellow of the Society. 

Mr. Charles Stewart (Secretary) read a paper by the Bev. W. H. 
Dallinger, " On the Measurement of the Diameter of the Flagella of 
Baderium temtOy a contribution to the question of the ultimate 
limits of vision with our present lenses." 

The President said that what must have struck everyone who had 
listened to this paper was the extreme smallness of the objects 
measured, for if Mr. Dallinger was correct (and there was no reason 
for doubl^g his correctness), then it was clear that objects of very 
much greater minuteness could be rendered visible than had usually 
been considered possible. These objects were about the smallest 
which the microscope would show, and yet it appeared that they 
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probably stood higher in the scale of organistns than some other 
objects which were generally considered to be higher. He thought 
that these investigations of Mr. Dallinger would tend to raise such 
objects to a much higher rank than that previously assigned to them. 
The President said they had two other papers before them ; one of 
these was from Mr. F. A. Bedwell, *' On the Framework of the Mastax 
of Melicerta ringens and Oonochilus" and the other was a translation by 
Mr. Eitton of a paper by M. Paul Petit, '* On some New Genera and 
Bpecies of Diatomaceas." The latter paper was, of coarse, nnsaitable 
for reading in exUfuo^ and would be taken as read. The paper by 
Mr. Bedwell was of considerable interest, and went into the minute 
strncture of the organ at some length ; but in his opinion, apart from 
the illustrations (which would be handed round), it would scarcely be 
possible to do full justice to the author or his subject in the time left 
at their disposal, and it would therefore now be taken as read, and 
would appear in the Journal together with the illustrations in 
September. He would also call attention to the extremely good slides 
of the mastax of Melicerta and Conochihu made by Lord S. G. Osborne, 
which had been sent up by Mr. Bedwell for examination by the 
meeting. 

Mr. J. W. Stephenson (Treasurer) read a ^ Note on the effect 
produced on P. angukUum and other Tests by excluding the central 
dioptric beam of light," which he explained was accomplished by 
placing a central stop at the back of the objective, so that the diffirac- 
tion spectra alone formed the image. 

Mr. Frank Crisp (Secretary) said that, in view of the four months' 
vacation now commencing, he should like to call the attention of 
the Fellows to the experiments on diatoms immersed in a solution of 
indigo or other coloured liquid, a note of which had appeared in the 
last number of the Journal (vol. i. p. 79), and the important conclu- 
sions that those experiments pointed to, particularly in regard to the 
motions of diatoms. The experiments were well worthy of being 
repeated and confirmed, and if any Fellow during the vacation would 
be kind enough to do so, he would, no doubt, be able to make a very 
interesting communication to the Society when they met again. 

The President suggested that Professor Stokes should take up the 
question of the limits of visibility, which in his hands would doubtless 
receive some important advancement towards a conclusion. He also 
mentioned that some specimens of drawings reproduced by the auto- 
graphic process (which was exhibited at their recent scientific evening, 
by Mr. Pumphrey, of Birmingham) had been sent to the Society for 
distribution. 

At the conclusion of the meeting Mr. Stephenson exhibited P. 
angulaium under the conditions described in his ^ Note," and with the 
new oil-immersion lens, using a deep astronomical piece by Dollond, 
sen. The diatom appeared of a brilliant blue on a perfectly black 
ground, and the definition left nothing to be desired. 

Mr. Mayall, jun., also demonstrated the aperture of Tollee' 
i immersion lens by Professor Abbe's apertometer. He first ex- 
hibited the apertometer with Zeiss's new oil-immersion lens, recording 
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a balsam angle greater than 106° ; then he showed the apertnre of a 
high-angted dry lens to be within doable the critical angle, i e. less 
than 82^ in glass ; then he showed the apertnre of Tolles' ^ immer- 
sion to be in excess of the limit for dry lenses, L e. greater than 82^ in 
glass. The demonstration was condncted in the presence of Professor 
Stokes, Mr. W. G. Lettsom, Mr. J. H. Dallmeyer, Mr. F. Crisp, and 
others interested in the subject. 

The meeting was then adjourned to the 9th October, and the 
President reminded the Fellows that the library and reading room 
would as usual be closed during the month of August. 

Donations to the Library, &c., since April 3, 1878 : 

From 

Natnre. Weekly The Editor, 

Athensum. Weekly Ditto, 

American Jonrnfd of MioroBcopy, llarch, 1878 Ditto,* 

Society of Arts Journal. Weekly Society, 

Quarterly Journal of the Geological Society Ditto, 

Bulletin de la Sooi^t^ Boyale de Botanique de Belgique Ditto. 

Bulletin de la Sooi^t^ Botanique de France Ditto, 

Papers and Proceedings of the Royal Society of Tasmania, 1876 .. Ditto, 

Transactions of the Watford Natural History Society. Part 9 . . Ditto. 

Journal of the Linnean Society : Zoology. No. 74 Ditto, 

Report and Abstract of Proceedings of the Croydon Microscopical 

Club,1877 Chih, 

Mineralogical Bfagazine Society. 

An Old C* Conical ") Microscope with Apparatus S,S, Wigg, Esq, 

The following gentlemen were elected Fellows of the Society : — 
Dr. James Edmunds ; Major Richard O'Hara. 

WaLTSB W. BsSYISy 

AB8itt.»SeGretcary, 
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I. — On the Meaaurement of the Diameter of the FlageUa of 
Bacterium termo: a Contribtdion to the Question of the 
'* Ultimate Limit of Virion " mth our present Lenses. By 
Bey. W. H. Dallingeb. 

{Bead he/ore the Royal Microscopical Society, June 5, 1878.) 

PLATBB Vm. AND IX. 

It wiU be remembered by this Society that two years ago, having 
in conjunction with Dr. J. J. Drysdale completed as far as we then 
purposed a series of observations on the life-histories of a group of 
monads, we determined to me the experience thus gained, and if 

n'ble to study in a similar way the Bacteria. We commenced on 
^rmo ; and our first object was to make out clearly its normal 
form, and to discover if possible the agency by which movement 
was effected. 

In the case of the large form known as Spirillum vdutanSy 



DESCRIPTION OF PLATES. 

Plate VIH. 

Fio. 1. -^Bacterium termo x 4000 diam. 
,• 2.—Spinlltm volutan* x 2000 diam. 
„ 3,-^Vibno rvgula x 2000 diam. 
„ 4.— Spirillum imdula X 3000 diam. 
„ S.'-BaciUue ulna x 8000 diam. 

Plate IX, . 

FiQ. 6. — Bacterium lineola x 8000 diam. 
„ T.—Photograph of Bacillus subtilis, Bhowing flagella. By Dr. Koch x 500. 
w 8. — ^Ditto, ditto (or as Dr. Koch thinks a variety, B, amykbacter), also 
photographed, and faintly showing flagella x 700 diam. 
Fio. Q.—BacHlus subtHis x 4000 diam, 
fy 10.— 5. termo, 

„ 11. — A camera Incida outline of the lower part of B, termo, magnified 
2000 diam. e is the pencil line intended to cover the image of a part of the 
flagellom ; and a represents hy dots the part of the image with which the line 
can he compared. 

Fio. 12 is the ahove drawing placed on the stage of the microscope, and 
magnified 5 diam. In this way tne ratio between the diameter of the hody of 
the Bacteiiiun and the diameter of the flagellnm can be compared by means of 
the wires of a screw micrometer. The ratio here shown being as 10 to 1. 

VOL. L O 
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Cohn had demonstrated, what Ehre&berg had suspected, and we 
had readily confirmed, that its moyements were produced and con- 
trolled by a pair of fine flagella, one at each end of its spiral body. 
This was extremely suggestive : while we had further the analogy 
of the minuter monads, many of them being only four or fire times 
larger than the larger forms of B. termo — these also being endowed 
wiui one or more flagella, suggesting the probability that all these 
forms depended for movement on similar motile filaments. 

We therefore determined to endeavour to discover whether, by 
care and delicate manipulation, flagella could be demonstrated on 
B. termo itself. 

Fortunately at this time we were furnished with a '^new 
formula" lens, which possessed precisely the qualities needed. 
Carrying out our method of admitting nothmg, in our conjoint work, 
whidi both had not seen, I conmienoBd the search ; and after many 
hours' effort, and the use of a great variety of delicate appliances, I 
succeeded in clearly demonstrating a pair of flagella, one at each 
end of the body of B. termOy without the shadow of a question. 
Dr. Drysdale now, independently, commenced the search, simply 
employing the same methods, and ultimately demonstrated it as 
completely as could be desired. We were then able to study it 
together, seeing the delicate fibre as distinctly as the body of the 
B. termo itself, and I made careful drawings from this, which Dr. 
Drysdale accepted and confirmed.* 

Most of tne forms at present grouped as Bacteria vary, very 
considerably, in size. Some, for example, that may be designated 
B. termo wUl be as large again as otners ; and this is the case 
throughout, only that the variation will be still greater in those 
forms which, instead of dividing into two parts, divide into several. 
There is for instance very great variety in the length of 8. vciutans. 
But the average length of B. termo, resulting from a hundred 
measurements made from this form as taken from six different 
infusions, was the nfirnr^ of an inch. Th^ average of one hun- 
dred measurements of 8, vciutans Ttaken only from one infusion) 
was the -nAnyth of an inch, but tnese were large. In Fig. 2, 
Plate yilL, I give a drawing of a recent specimen of 8. volutans 
magnified 2000 diameters ; and at Fig. 1 a B. termo is placed 
beside it, as it was seen by Dr. Drysdale and myself, magnified 
4000 diameters. 

Since this account of the discovery of flagella on B, termo was 
published, several valuable monographs have appeared on the 
subject of Bacteria. From the point of view I am now specially 
considering one of the most interesting and valuable is by Dr. Eug. 
Warming.f In it he points out that the flagella are common to the 

* * Monthly Microeoopical Journal/ vol. xiv. p. 105. 

t * Om npgle ved Dannuurks Kyster levende Bakterier.' KjobenhaTn, 1876. 
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group, and that in some cases they have two flagella at one end, a 
&ct which I have freonently confirmed. But there is an immense 
difference between all the other forms and B. termo, in size. It 
may be helpM to realize what this difference is : and I haye given 
copies of drawings from natnre of all that Warming and others 
give as possessing motile filaments, which I have been able to 
eonfirm. They are each magnified as indicated, either to the same 
extent as B. termo, or to two-thirds or a half that extent. Bacillus 
ulna and Bad. lineola (Figs. 5 and 6) I have not hitherto seen as 
included in the hst; of those possessing flagella ; but they are given 
as drawn by camera lacida from nature during my investigations 
for this paper. Their flagella are certainly not more difficult to 
demonstrate than the flagellum of the uniflagellate monad whose 
history was studied and described by Dr. Drysdale and myself in 
January 1874.* A comparison then of Figs. 2, 3, 4, 5, and 6 with 
Fig. 1 will indicate as accurately as may be the relative sizes of the 
varieties now known to be possessed of flagella, when compared with 
B. termo. 

But a still more instructive instance is before me. Dr. Eoch, 
in a paper recently published t has given illustrations taken by 
micro^hotography^ of what he considers to be BadUus mbtUie (or 
a variety), in which the flagella are distmctly visible in the prini 
I send these photographs, which can doubtless be reproduced by 
lithography. In Fig. 7, Plate IX., the magnifying power is 500 
diameters, and the flagella are distinctly visible. In Fig. 8 the mag- 
nification is 700 diameters, and the form shown at a displays what 
are doubtless its flagella, although they are but feebly and faintly 
manifest, l^ese photographs were, however, not taken while the 
organisms were Uvmg, nor in their natural fluid. They were, indeed, 
specially prepared, by drying, staining, and mounting in glycerine ; 
and then photographed. This must to a certain extent superindnce 
change of condition, and even alteration of form. This is manifest 
in the relative thickness of the flagella and the bodies of the forms 
photographed, which is certainly not in all cases as it presents 
Itself m t^e Uving organism ; this is specially seen in Fig. 7. But 
the wonder is that &ey are so successftdly, and even beautifully 
done. In Fig. 9 I give a drawing from nature of B. subtUis 
magnified 40oO diameters, to show at once, the relation of this 
form as a '' species " to B. termo, and to show the condition in 
which those must have been which Dr. Eoch photographed; 
namely, the separated segments, such as a^b, which become pro- 
vided, like B. termo, with flagelk, as they divide. 

» * M. M. J.; vol. xl. p. 60. 

.t 'Verfahren zur Untersuchting, zum oonBerviren und Photographiren dcr 
Bacterien/ Von Dr. Kooh. Beitrage zur Biologie der Pflanzen. Edited by 
Dr. F. Cohn. Third part, 1877. 
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Dr. Eoch has never seen the flagella in B. termo, but he has 
made no effort to do so, because, as he teUs us, he used low-angled 
glasses which are incompetent to the demonstn^tion ; and has made 
no special provision for illumination, without which it is utterly 
impossible to see this fine organic fibre. Dr. Koch too, by using a 
method in which drying, staining, and mounting are invofyed, is, I 
am i^chned to think, making the demonstration more difficult He, 
howeyer, without haying made any effort to discoyer it^ has no 
doubt that the discovery of it is a demonstration in the proper 
sense, although extremely difficult to make; and he believes that 
the entire ^up of motile Bacteria are endowed with flagella. 

There is not the slightest doubt that this inference is correct 

In all extremely deUcate work with high-power lenses, the first 
difficulty is the greatest If once an object has been seen, however 
difficult, it is immensely easier to see it agaiu. On the other hand, 
I have learned from experience that there is as great a diversity in 
different individuals in the sensitiveness of the retina, as there is 
in sensitiveness of the olfactory or auditory nerves. It is impossible 
to enable some persons to see objects beyond a certain umit of 
minuteness ; as it is to enable others to detect certain scents, or 
hear notes pitched higher or lower than a given point This is 
illustrated by the telescope as well as by the microscope, and has 
application to the practised as well as the casual observer. It is 
therefore fortunate that the constantly accumulating refinements 
of photography will ultimately provide us with a film ^ual to — 
perhaps finer tiian — the most sensitive human retina in its powers 
to fix the minutieB of detail, in form and structure, revealed by oar 
highest powers and best lenses. But even then the efficiency of 
the results will be influenced by the delicacy of the letina, and the 
perfection of the eye of the manipulator. 

In the matter of the delicate flagella of B. termo the great 
difficulty had been overcome; and for some time subsequently 
there was considerable fascination, in spite of the great difficulir, 
in repeating again and again the observation. At first we could 
only get the result vnth the '* supplementary stage '' illumination 
referred to in our joint paper. ' Since, however, I have succeeded 
with Powell and Lealand's sub-stage condenser, and with Wenham s 
reflex illuminator, using with this last apparatus, glycerine, letween 
the Jj^rism and the under side of the glass slip. 

The secret of success, skilful manipulation and the right kind 
of lens heing assumed, is the manner in which the Bacteria are 
prepared. They should be taken from an old and thick maceration; 
not a recent infusion with a thin fluid ; and then should be very 
gradually accustomed to thinner and thmner fluid, until, by two or 
three days' habituation in Cohn's fluid, for a few hours they will 
live in water. And it is in this that they should be examined; 
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for the comjparatiTe opacity of the natimd fluid makes it impossible 
to see the flagella, and in the water there is obTionsly a greater 
contrast between it and the sarcode of the flagella, than there is in 
the thick decomposing flnid. And I have repeatedly observed that 
if the Bacteria are taken from a recent infusion which is httle more 
in substance than water,-^probably from some difiference in the 
density of the sarcode, — the flagella cannot be discovered. 

' After re^tedly, and in different ways, having demonstrated 
the flagella, it stmck me that much would be gamed if it were 
possible to measvre its diameter. To do this by a direct method 
was impossible with any instrument with which 1 am acquainted ; 
but it might, it appeared to me, be done with very approximate 
accuracy by an indiiiBct method. To this end I made a series of 
investigations with Powell and Lealand's '' new formula " | objec- 
tive, and with what appeared to me extremely interesting results. 
But subsequently they furnished me their yV c^d ^ inch lenses 
on the same formula. And as immersion lenses their performance 
is remarkably beautiful. I also had a very fine immersion 7V by 
the same makers ; and at my request they made me a ^5, the first 
they had ever made. This lens was made with a view to the special 
class of observations in which I have been engaged, and it is an 
extremely beautiful one. The angle is moderate, and the lens with 
the same front is both immersion and dry. Its definition when 
properly used is very crisp and dear, and its " penetration/* con- 
sidering its magnifying power, is very considerable. 

My purpose was, naving been furnished with these lenses, to 
make a senes of indirect measurements with each of these lenses 
separately, and then compare the results and obtain an average. 

My method was as follows, viz. : — 

1. It was necessary, and comparatively easy, to measure accu- 
rately the absolute diameter of the Bacterium body, as, for example, 
in Fig. 10, Plate IX., to find the actual distance from xioy. 

2, Next it was needful to make a very careful camera lucida 
drawing of the body and a part of one of the flagella. The micro- 
scope being in an upright position the ordinary camera lucida 
cannot conveniently be used ; but an extremely useful instrument, 
made by M. Nachet, of Paris, to meet this emergency, answers 
admirably. It is, indeed, much easier to draw with than the 
ordinal^ camera lucida ; and in using it with high {)owers all that 
is required is, that the right hand employed in drawing be illvmUr 
noted a Uttle more intensely than the ^^ field," when it will appear 
extremely '* ghostly," but very sharp and clear, and the pencil 
point is admirably defined. 

A fine white surface is needed which will receive a noiark 
without such rough edges as are made, with even very hard pencils, 
on the finest London or Bristol cardboard. That which I find to 
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answer best, is the ''^ enamelled cards " whicli are used by the 
printers for visiting cards. I also nse a H H H H, Windsor and 
Newton or Faber pencil (with the wood cut considerably away in 
the former, the latter bein^ obtainable in solid cylinders, which are 
slid into holders), which is brought to its final point by gentle 
nibbing on the sar£Etoe of the finest ground glass, or, bettor still, a 
very fine hone. With these appliances a drawing was made, first, of 
the lower half of the body of the B. termOy and tiien, which was the 
really critical matter, a pencil mark was made over a half or two- 
thirds of the flagellam, not over the whole; for in this way the 
flagellnm image and the pencil mark oonld be carefully compared, 
as shown at Fig. 11, where the dotted part a represents the image 
of the flagellum as seen beyond the pencil line e; and a very close 
approximation may thus be made between them. 

Having determined that the pencil mark, as at o. Fig. 11, 
accurately corresponded to the image of the flagellum, ihis drawing 
was taken and magnified from five to ten diameters, the amount of 
magnification being accurately determined beforehand. By this 
means it was easy to determine the ratio existing between the 
now measurable diameter of the pencil line representing the 
flagellum and the diameter of the body. But this latter was a 
known quantity ; and therefore it was easy to determine the actual 
diameter of the flagellum. Thus at b, Fig. 11, there is an outline 
camera drawing of the lower half of a B. termo magnified 2000 
diameters, c is the pencil line corresponding to a part of the 
flagellum, the dotted Ime a representing the remainder, with which 
the pencil line could be compared. At Fi^. 12 we have the same 
drawing magnijied five diameters ; and in uiis condition it is quite 
easy by means of the '' screw micrometer" to find the ratio existing 
between the magnified image of the drawing of the body and that 
of the flagellum. In other words, it is soon seen how many 
flagellum spaces are needed to cover the diameter of the body. In 
the case before us, the bacterium drawn at Fig. 11 had a diameter 
of ?Trhnrth of an inch. The ratio of the flagellum to the body, as 
seen in Fig. 12, is as 10 to 1 ; and ^T^imi -r- 10 = t^^Vtht^ of an 
inch, the actual size of the flagellum. 

Now I made fifty separate drawings and measurements with 
each of the four lenses ; tlie same conditions being observed in each 
case. The resulte expressed in decimal fractions are as follow, 
viz.: — 

(1) The mean value of fifty measuremente made with the 
^^^th inch objective, gives for the diameter of the flagellum 
0- 00000489208. 

(2) The mean value of fifty measurements made with the 
Ath inch objective gives • 00000488673. 
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(3) The mean value of fifty measnremeats made mth the 
yVth inch objective gives 0-00000488024. 

(4) The mean value of fifty measurements made with the 
^Vth inch objective gives • 00000488200. 

We thus obtain a mean from the whole four sets of measure- 
ments, which gives for the value of the diameter of the flagellum 
of J5. termo • 00000488526, which expressed in vulgar fractions 
is equivalent to rq^Vmrth of an inch nearly ; that is to say, within 
a wholly inappreciable quantity. 

Now if we suppose that as the method is only an approximate 
one, and the errors are entirely on one side, which I know no 
reason for doing, and therefore in round numbers reduce tlus 
fraction to the Tinhxru^^ of an inch, it nevertheless provides us 
vnth a &ct of much interest ; and indicates, as I believe, that an 
atom of Bemi'transparent structure the ^rnnroTrth of an inch may 
become visible under proper conditions of illumination and general 
manipulation. How far this is the actual limit with transparent 
or nearly transparent objects, I will not venture to affirm, ^ut I 
am inclined to beUeve that it comes very near to it. But why, 
whether from the limitations involved in the nature of the lumini- 
ferous aether, and the conditions of light vibrations, it is not my 
province to pronounce. 

The calculations of which this paper gives the results have been 
carefully revised by my friend Mr. G. H. Steam, of Liverpool 
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II. — The MastaX' Framework in Melieerta rinpens and Cono- 
chUus, described by F. A. Bbdwbll ; imth further Notes on 
these Rotifers, 

(Bead before the Royal Micboscopioal Society, June 5, 1878.) 

Plates X. and XL 

Lord Sydney Godolphin Osbome> in January last, entrusted to me 
the agreeable duty of describing the mastax of M. ringens from a 
series of slides of that organ as dissected by him from the rotifer 
itself, and mounted. I must premise that it is quite impossible for 
me to hope to do justice to the great beauty of the contents of 
these slides, either by pen or j)encil, they must be seen to be 
enjoyed ; the accompanymg drawings simply express diagrammati- 
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Plate X. 

Fig. l.^Detalls of framework of mastax of M, ringens diagrammaticaUy 
treated, a, 6, c, form the ramus : a, frontal bla<l6 ; b, central blade ; c, ciula, d d, man- 
vbria. ee are rig^d attachments, whioh in life are oonneoted with the angles cc of 
each aluhy and by lifting the cUuks they force up the free edge 6 6 of the central 
blade of the ramus, and bring down the turreted edge of the frontal blade of the 
ramus, f id the fulcrum, the hinge, confused by flattening, see Fig. 6. pp are the 
teeth, fifteen in nnmber, removed from their supports ; in nature they lie with 
their points fixed in the turreted serrations of the frontal blade of the ramus, their 
roots being attached to the manubria, along the lines g A. 

Fig. 2.— The letters repeated. This figure represents the free edge of the 
ramus, lifting up to the unaer side of the teeth, and bending them towards the 
rectangular position which they are seen to possess in life when masticating food. 
(Five of the teeth have been removed.) 

Fig. 8. — ^Explained in text 

Fig. 4. — ^A mechanical illustration of the ramus, to be out out in cardboard, 
and explained in the text. 

Fig. 5.^>ne of the large teeth. 

Plate XI. 

Fig. 6. — ^TluB diagram represents the hinge fulcrum and the two rami of 
Conochilus vdvox. The letters refer to the same parts as in M. ringens ; the points 
c and e are united in life, as also are those parts at K and H which have been 
separated in the diagram. 

Fig. 7. — ^This figure is explained in the text, and represents the hinges H and 
K when the organ is at work, and shows how the arms of tiie ramus sprinnng from 
K meet together, and how the arms that drive the ahda rise upwards at u, and so 
lift up the alvicB. 

Figs. 8, 9, 10, are transverse imaginary sections of the mastax, and show 
how, as the end of the alula c is lifted upwards, the points of the teeth tend to come 
downwards, 

ViQ, 11 is a transverse section showing an abnormal position, explained in 
the text and seen by the writer, and arising &om the manubria d, giving their 
forward blow along the teeth at a moment when the alula c were not lifting the 
points 6 upwards, so that the teeth bent the wrong way at the points p. 

Fig. 12.— The eye of Conochilus. 

Fig. 13.— Corrected diagrammatic roprcsenfeition of wheel of Conochilus, 
tthowing its relation to the sinus into which the food flows on its way to tho 
mastax. 
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cally the conclnHioiis deduced by me firom a careful study of the 
astonishing characteristics of the apparatus. I have since corrected 
these conclusions by references to liying objects, bnt I shall begin 
my observations by confining them at nrst to the nncorrected im- 
pressions made on the e^e and mind by Lord Sydney Q-. Osborne's 
sUdes themselves, and mtrodace the corrected impressions snbse- 
qnently, for, I think that a principle of observation of consider- 
able importfloice will be well illastrated by so doing. 

The information to be obtained from these specimens supple- 
ments in several interesting particulars the previous papers on the 
same subject noted below, and especially Mr. Gosse's wdU-known 
and important paper * on the manducatory organs of the Botifera. 
A reference to that highly original paper will show the extra- 
ordinary variations discovered by him m the organ in the different 
sections of the Botifer family, and also the names which he has 
chosen for the different parts of the organ. The organs are sym- 
metri(»l and bilateral, and consist of a pair of jaws. The teeth 
(unct) work horizontally, and are forced forward from behind by 
handles (mamibria), to which their roots are attached; these 
manvhria are armed sometimes vrith mallet heads (mdUei), the 
same teeth (imci) are also attached at their points to blades (rami), 
and these rami ^w the two sets of teeth oy the points together, 
and themselves meet or cross each other at one extremity in a hinge 
(fulcrum), which gives them a scissor or tongs-like action, and in 
some cases the teeth work on an anvil (incus). 

Of the figures which accompany this paper, Fig. 1, Plate X., is 
an anatomical diagram of the parts of the mastax of If. ringena. The 
teeth (v/nct), which I make out to be about fifteen in number, are 
seen below, at pp, having been removed from each jaw ; their points 
of junction with their late supports are expressed in the ease of each 
ramu8 by the serrated or turreted edges of that organ ; these ser- 
rations in the diagram represent true sockets visible under a high 
power, particularly in the case of the large teeth after the removal 
of the teeth from the ramus.^ The basket-like organs d (2 are the 
manubria, the parts abc form the ramiyfiB the hinge, and the 
parts e vnll be explained subsequently. Fig. 2, Plate X., is a rough 
sketch of the general effect of the organ as seen looking towards tihe 
hinge, five of the teeth on each side having been removed to make 
the under parts visible. 

Passing on to Fig. 4, Plate X., that figure affords a me- 
chanical iUustration to express in cardboard my views of the 
form of the ramus, and 1 will proceed to explain ii Take a 
thick piece of cardboard and cut from it a portion vnth an 

* See Williamson on M. ringens, *Qnar. Journal Mic Set.,' vol. i. p. 8, 
1853 ; Go88e on M, rinrjens, idem, p. 71 ; ' Phil. Trans.,' 1856, vol. ozlvi. p. 419. 
t In Botifer vulgaris these serrations are very distinct. 
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ontline as in the Figure 4, Plate X., notching the edge as in the 
fignre, then fold the cardboard at the broken dotted Ime and turn 
the serrated edge upwards, and make the plane that carries that 
edge stand np perpendictdarly from the plane to which it is 
attached. Donble down the triangnlar projection E F G, and 
make it cnrl downwards and underneath tne plane to which it is 
attadied, then bend the handle, and yon haye, according to the 
view I take of it, a model of the ramus of the right-hand jaw, and 
a similar comne will bring out the ramus of the left jaw. We thus 
haye in the ramus s, huidle with two blades or leaflets and a 
triangular projection. Of these two blades I wiU, for the purpose 
of this essay, call the serrated blade the frontal blade, and the 
other the central blade, and keeping this mechanical picture in 
view, we will next consider its moae of action. 

The teeth (tmci) are treated in Fig. 1, Plate X., as if they were 
fifteen separate teeth, but I feel satisfied that the fifteen are con- 
nected with each other by a membrane of some kind, and with this 
yiew Lord Sydney G. Osllome agrees. It is exceedingly delicate, but 
it throws up a soft pink hue wheneyer a strong concentrated flood 
of light, taken from the centre of the buU's-eye condenser, is sent 
through it. It is well known to all obseryers of this rotifer, that 
the teeth of If. ringens^ when in action, are bent like the closed 
knuckles, and we haye, in fact, only to roll the knuckles, when 
closed, against each other, to obtain a practical illustration of the 
action of the jaws in the course of grinding food. In these slides, 
howeyer, the teeth, as a rule, are yery sddom bent, but he flat 
or are slightly curved, and are seen on inspection to be flat- 
tened, watchspring-Uke weapons. Of these the two largest on 
each iaw show a central prominent line, see Fig. 5, Phte X. 
But though, as I have said, in the majority of the slides the 
teeth lie nearly flat, yet in a few of the sUdes, and particularly 
where the mastaz is seen to be closed, they are found to be bent 
into the knuckle-Uke, rectangular appearance which they have in 
life, and the mechanical action by which this change is produced, 
from the flat to the rectangular yiew, is a most interesting subject^ 
and one requiring carefcd attention, and I make it out to be as 
follows : — Suppose the handle of each ramus to move on the hinge 
(/), so that tne frontal blades are made to approach each other 
&ce to fiEu^, and the teeth brought point to point ; now, if the 
free edge of the central blade keeps tilting upwards until it touches 
the under side of the teeth, then, as it travels onwards and 
upwards it will bend the teeth from beneath into an obtuse-angled 
attitude, and forcing forward, it will gradually reduce this angle 
to a right angle, and haying done this, the teeth of each iaw will 
then meet in two right angles and form the letter T, — thus, IT. 
The Fig. 2, Plate X., shows the central blade of each ramus in 
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the act of working forward and throwing the teeth into this attitude. 
Now, to the part played in this process by the triangular projection 
attached to the central blade and hanging down from it, 1 must 
call particular attention. I was very much puzzled by its presence 
in the slides, for it is a most prominent object, and in considering 
the purpose for which it could possibly be wanted, and with nothing 
but the slides to go by, I ventured, haying no other assistance 
at hand to guide me, to assume quite tentatively a somewhat old- 
£Eishioned principle, and one now &lling into disfavour — nay, dis- 
grace, in many quarters — namely, the principle of contrivance, — 
of adaptation of means to ends, and those means the best means 
under the circumstances. I ventured, without going so &r as to 
conjecture that Melicerta or her ancestors had ta^en any part 
in the matter of supplying their own wants, to assume that what 
she did want was a power acting at the extreme free edge of 
the central blade, and operating in such a way as to force that free 
edge alternately up to and away from the under side of the teeth. 
Now, if for a moment we consider the bent lever P Q B, Fig. 3, 
Plate X., and suppose that while the point Q remains at rest the 
lever has to be moved against an obstruction at B into the position 
pQr, then one of the modes of doing it, under the exigencies of 
the present instrument, will be to add a bent arm B T, and drag 
T by a muscle as from a point S. True, the arm B T might be 
straight ; but by rounding it you improve the direction, and you 
increase the continuance of your strain up to the very last moment, 
and even at the last moment you leave the strain unexhausted. 
I therefore fixed upon the comer of the triangle as the point of 
attachment for the force which lifts up the free edge of the central 
blade of the ramus, and so bends the teeth. Now it will be ob- 
served that all this was ^tirely hypothetical on my part ; but on 
turning to Mr. Gosse's admirable paper in the 'Thilosophical 
Transactions,' above referred to, I found that in the series of 
similar organs there reported on by him he identifies in several 
instances a projection iiom the ramus analogous to the tri- 
angular prominence in question, and he gives the organs the 
distinct name of ''the httle wings" — alttlse. Now, when Mr. 
Geese saw the organs, many of the muscles were still attached; 
and amongst others, he says, he found muscles attached to the 
angles of these akdse. In the specimens before me there were no 
muscles preserved that I could make out, and when I made my 
hypothesis I had never even seen Mr. Gosse's paper ; but pre- 
Buming him right, then I had assumed a principle and found a 
fact. Deductions of this sort may or may not be satisfactory to 
all minds — may not always be correct, and may be carried too far ; 
but nevertheless they are still intensely fascinating and valuable to 
the minds of some observers, and amongst others, to that of the writer. 
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Thus far we have dealt entirely with Lord 8. G. Osborne's 
slides ; but the mibject receives remarkable and striking illustration 
on the point at wmch we have now arrived, if we pass on to the 
mastax of the living C!onochilus. In the slides of M, rinpens, 
the hinge is hopelessly confosed by flattening, and I confess 
I could make nothing of it ; bnt good fortime brought me a ridi 
supply of Gonochilus in February, and as the same organ in that 
rotifer is ahnost identical with that of Melicerta, a description 
of the action of its parts will be found of great value in enabling us 
to grasp the whole subject. 

Even with Mr. Gosse's paper on the mastax of rotifers to help 
us, the living Oonochilus in action, transparent as it is, forms a 
haxd puzzle to the eye of the observer. But a familiarity with 
Lord Sydney G. Osborne's slides at once makes its investigation 
comparatively easv. There is but one position which Conochilus 
can take that will give a comprehensive view of the more im* 
portant details of the organ, and unfortunately the animal rarely 
assumes it, and it requires patience to wait for it, but after dose 
attention I have made out the characteristics of the organ to be as 
follows. The aspect of the teeth (unci), attached by their points 
to the rami, and by their roots to baskets (m(mvbria)y is exactly 
like that of M. ringens; one picture, in fact, does for both. 
The teeth are quite straight, they Ue very near together, like 
ridges of plaited paper ; there are five larger teeth on each side as 
against three in M, ringens. The number of teeth, fifteen to 
eighteen, is about the same for each rotifer, and they are connected 
by a delicate membrane. The cdvlm are there in striking distinct- 
ness, and whenever the mastax is viewed sideways, they are seen 
hangi]^ down underneath very clearly and in broad, strong outlines. 
Plate Xl., Fig. 6, gives a medianical drawing of the rami, and the 
aluUBy and the hinge, but the teeth and the baskets have all been 
removed. The plan of construction of each ramus will be seen to 
be much the same as that of M. rinaens. There is what I have 
called s, frontal blade, which carries the points of the teeUi, but at 
one end it is so depressed and insignificant that it really hardly 
deserves the name of a distinct blade, and I doubt if it is more at 
the lower end of it than a thickening of the straight edge of the 
central blade of the ramus. At the point, however, where it nsee up 
and leaves the edge of the ramus, and just where the large teeth are 
carried, it appears of a distinctive character. I have made a few 
turreted spaces in the edge to show where the points of the teeth are 
carried, and I may add that I have seen the edge actually serrated at 
that place and in more than one specimen. From the free edge of 
the central blade, just as in ilf . ringens, the alula are seen hanging 
down and curling under the ramus and towards eadi other, with 
respect to the left-hand ramus, 1 have represented its alula by 
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dotted lines where it passes beneath the central blada In nature 
this blade is quite transparent, and the altdas can nearly always be 
seen by focussing through. Facing the lowest angle of each alula 
at the point o, will be seen the extremity of a circular arm, e, and 
this extremity in life is rigidly joined to the alvlse at the point e^ 
where I have seyered them. These two circular arms spring &om 
a hinge, H, where I haye, for distinctness, again separated parts 
which in nature are joined; from that hinge springs upwazds a 
handle which is articulated to the two circular arms, and starts 
backwards and upwards, just as the armed prong of a spur starts 
from the horseshoe-like arms which pin the spur to the heel. The 
handles of the ramus are seen aboye, meeting together at a second 
hinge, E, where they coalesce and bend down to meet the point of 
the spur as it rises upwards. The hinges H and E in the liying 
animal are imbedded in the large globular mass of muscle which 
occupies this part of the mastax, and are consequently difficult to 
decipher. 

When the jaws are in action the two handles of the ramm 
spring together sharply at the hinge E, and this action brings the 
frontal blade of each ramtis into contact, and so brings the teeth 
together, but it brings them together point to point. But point to 
point is useless to the animal, and it is necessary that the teeth 
should be tilted up from behind, and their points oepressed, so that 
the upper smfaces of the teeth may grind on each other, like a 
knuckle on a knuckle, and so that the prominent projecting surfistce 
edges of the teeth in one jaw may fit into the depressions which lie 
between the teeth in the other, like a series of WW, meeting each 
other, angle to angle. It is here that the action of the alula 
begins, and a little consideration of Fig. 6 shows that if the angle 
c of each alula is raised upwards eyer so little, while the main 
handles of the rami are kept closed and pressing against each 
other, then the free edge of the central blaae of the ramus must 
go up, while the points of the teeth must come down. 

Now, in action the point of each alula is in hct thus raised, 
and it is eleyated by the circular arm ee o{ the spur to which 
in life it is attached at the point c, and from which I haye seyered 
it ; and these arms, by moying upwards on the hinge H, tend to 
rise out of a horizontal plane into a perpendicular plane and to take 
up the position seen in Fig. 7, which is an extreme yiew of this 
elevated attitude. As already mentioned, I had anticipated, from 
what Mr. Gosse said of muscles attached to altUse in other rotifers, 
that we should find in Conochilus and M. ringens a dragging force 
acting by muscles at the angles of the aluUe (see Fig. 3, Plate X.), 
inst^ of which it is simply a pushing force ! 1 did make a mistake 
in my deduction, but it was one of a most satisfactory character. 

'I'he action of the alulse will be further appreciated by an 
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inspection of Figs. 8, 9, and 10. These are imaginary itansveree 
sections across the mastax, and they show how, as an upward force 
is applied to the cUtUa at o (the points of the teeth being kept 
togetner), the firee edge of the central blade mnst gradually work 
upwards, and the points of the teeth which are rigidly connected 
with it must come down. 

Passing now to the mamLbria, we find that they also are sources 
of very active power, and though they cannot turn the points of the 
teeth down, yet they give a sharp push, almost like an impatient 
blow, longitudinally along the teeth from behind, and thus tend to 
grind more closely against each other the surface ridges of the teeth, 
abready bent by the cUulm into a bowed form. This same push of 
the manuhria, indeed, has sometimes a most remarkable effect, for 
I have witnessed it when it has come too soon, and has therefore 
actually bent the teeth the wrong way ! This is shown in Fig. 11, 
where the depression in the centre of the teeth and on each side 
at (jp) is due to the fact that at the moment in question the oIuUb 
were not being lifted up, and as the force proceeding from the 
marvuihria thus acted in a perfectly straight direction, it met with 
a reaction, because the teeth were point to point, and so the teeth 
curved the wrong way ; and thus abnormally the very contingency 
arose, which by introduction of the power at the end of the (duUs 
is as a rule prevented. I may add that Mr. Gosse has already 
dealt with the action of the mafmhria in other rotifers (Z. c). 

Now I do not know how it may strike others, but to me this 
mechiuiism is simply exquisite. We have three distinct lines of 
power, all at work and in rotaiion. In the first place there is a 

{>ower at hinge E, then follows the power at hinge H, and then 
astly comes that of the manulria ; the moment the main upper 
handles of the ramus get together, then, and not before, up ffo the 
alvlm and down go the pointe of the teeth ; the slightest tou(£ does 
it, and then the ma/Miiyria come in from behind witii their crushing 
forca The hinge H possesses a very distinct power of gaping 
widely open to take in a large body, and the hinge K shares this 
power, though hardly, I think, to the same extent As a whol,e I 
should describe the organ as a marvellous machine, exceedingly eco- 
nomical of power, and arriving at the best results with very simple 
and dehghtfully ingenious means. I am unable to identify any 
particular muscles — ^indeed I doubt their existence as separate 
cord-like attachments — I only saw the movements of the parts, 
but not what produced those movements; my beUef is, that 
the spherical bodies which support and enclose the principal parts 
are themselves highly sensitive and contractile. 

The examination of the living Gonochilus thus quite confirms 
me in the a priori views which I have already expressed in this 
essay as to the method in which the mastax of Melicerta obtains its 



Ma8taxM.nngeMydkc. LardS.Q.09bameandF.A.Bedwell. 183 

lectangnlar Hspect, and which views I derived solely from Lord 
Sydney G. Osborne's slides, and I must still attribute mat aspect to 
the pressore of the free edge of what I have called tiie central blade 
of the ramus acting on the under side of the teeth, that free edge 
being forced np by the pressure on the altdas. A &ct to be borne 
in mind is, that in the dead Gonochilus and Mdieerta ringens 
pressure usually severs the cHulm from the propelling arms of the 
spur at the point c, where I have severed them in the drawings, 
and the consequence is that in all the mounted specimens there 
is little to indicate at these angles any solid attachment to the 
alvlas or the existence of a propelling force in connection with 
them. In some specimens of Melicerta, however, from Bedditch, 
Lord S. G. Osborne has sent me mountings in which I think this 
connection is sustained; these Melicerta from Bedditch are also 
remarkable for Mr. Slack's conical pellets ; some are actually true 
cones, and others are so long that they are more like ninepins than 
rifle bullets ; they are also remarkable for javelin-headed teetL 

To make out the points here detailed in Gonochilus I found it 
necessary to study it aUve and dead. It is a most convenient 
animal to manipulate, it cannot get away, and it gives you ten 
or more specimens in each group,* in various attitudes. You 
must gently clean it from debris with two fine needles. Dead 
specimens should be treated as suggested by Mr. Gosse in his 

Cper (Z. e.) with potash and water ; with some specimens half and 
If is too strong, with some it is not strong enough. 
As mentioned by Mr. Davi8,t the red spots Ttwo in number) 
are in Gonochilus most remarkable organs ; each nas a highly re- 
fractive hemisphere resting on the flat red disk, and apparently 
partially sunk mto it ; as Mr. Davis has not drawn it, I have done 
so (see Fig. 12). The young female Gonochilus is bom alive; the 
jaws work in its mother's womb. It comes into the world with a 
lump of transparent jelly attached to its foot, which goes to 
augment the globular store of material which is the pedestal or 
home of the colony. 

Everyone must agree with Mr. Davis in thinking that the 
disk of Gonochilus is a very strange apparent departure from 
the ordinary run of rotifer disks. I give a diagrammatic form, 
Fig. 13, of the disk, which is corrected from that given by me in 
the eighteenth vol. of the ' M. M. J.,' p. 214, in which I made an 

* The method I adopted with both Melioerta and Gonoohilaa was to lay them 
under a piece of microsooplo glass on a plaia slide, with a very little cotton wool 
to ease the pressure. Under a low power I then pressed them until the mastax 
was separated or in the right position ; then by adding the liquor potassie stronger 
and stronger (and capillary attraction with blotting paper draws it under the 
glass), the body of the animal is dissolved and the mastax left free for examina- 
tion under high power. 

t *M. M. J./ vol, xvi. p. 1. 



184 Transaetums of the Boyal Mieroseopieal Society. 

error, for I treated the disk as continnons all rotind the sinus ; and 
if^ as Mr. Dayis suggests in his paper, development from some 
other form is to be accepted as the mode in which GonoohiluB 
attained its present appearance, then I should offer the following 
suggestion, namely, that in endeayouring to arrange its disk to the 
best advantage for picking up trifles in a crowd of feUow-creatures 
grouped in a spherical form, it found it necessary to arrange the 
collecting cilia round the sinus ; and to do this, it tilted the disk 
and brought the lower pomts of the ciliary lobes like a collar for- 
ward and round its neck — just as if a sailor were to cut a large 
slit in his tarpaulin hat behind, at the lower edge, and then draw 
the two cut comers round his neck, so as nearly to meet under his 
chin, and keeping the hat on the back of his head, proceed to turn 
his face upwards (eee Fig. 13). The incision under the ecUears 
suggests where these two points of the disk may have come from. 
At the same time, and though I know that I am in a small 
minority, yet I confess I cannot see how evolution helps us in the 
least with such an animal ; because the moment vou suggest a 
previous form, you ask, Where is it? and I should not like to 
point to any rotifer sufficiently near Conochilus to justify one in 
looking upon it as a predecessor in title. To me, the whole rotifer 
world, in fact, is a wild collection of puzzUng forms. There is 
plenty of likeness and mixture, but there are no links that I can 
see. There are many forms that make you think of another, but 
which, when closely examined, range away widely from it in some 
important particular. To me, the rotifers have, in fiact^ ever been, 
and are, a stumbling-block in the way of accepting the development 
theory as the complete and vast agency that so many now consider 
it, and the manducatory or^ns seem to me to deserve doee 
consideration in connection with the subject. If anywhere, I 
should have expected to find in the rotifer world confirmation 
strong of the tneory — gradations and links in perfect order — 
dassificatioii eaey and ByBtematic; instead of which theie would 
seem to be some other principle at work there which runs 
quite athwart any notion of regularity, which baffles every scheme 
of classification, and exhibits most unexpected complications — 
striking gaps where we are led to expect continuity. I cannot 
help anticipating that the time may come when these very same 
gaps, existing as the^ do throughout the animal kingdom, will be 
recognized by scientific observers exactly as the irregularities of 
Uranus were fixed upon by Adams and Leverrier, and accepted as 
indicating another and an otder force. As long as this view is 
overlooked, so long will science be retarded ; for what we forget 
we fedl to seek for ; and we are apt to stop gaps with great names. 
We want a principle in direct relation to these regularly recurring 
hiati — a principle which, acceptiog the fact that me disiEtppearance 
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or degradation of some forms is, as a rale, followed sooner or later 
by the appearance of new and higher onesy directly accounts for it, 
and it may be, by directly connecting together the degradation of 
the old and the appearance of the new. We want a principle that 
would lift US out of the utter confosion of mind which we are 
in, when we find that a vast concourse of forms, which we are told 
reached their present conditions by a process of alteration so 
gradual as to oe ahnoet or absolutely imperceptible — ^by a con- 
tinuity of progress requiring a gigantic amount of time for its 
execution — is yet more especially remarkable for a succession of 
violent, irreconcilable gaps, occurring too at the very places where 
we want and are led to expect lii&. We need a principle in 
direct relation to the extraordinary gradations upwards and end- 
less varieties of results now seen in the procreative act. — The 
question is not, eon evolution make the mastax of M. ringens t 
but, has it done so ? A great geological professor derived tea^t 
from tq(>eOf to be warm, but he still left a better derivation 
possible.* 

* Since writing the above I have had M, piltUa sent me (see ' Soience-Gossip,' 
Jan. 1872, and *M. M. J.,' vol. viii. p. 6), and its habits bear on the yiews 
expressed in the text It is weU known that whenever M, rmgens ejects fcBces it 
bends beck the disk dorsally over the ontis, as if stooping over the edge of its 
tube, the anus then protrudes upwards and shoots the refuse up in a cloud 
of smell particles. To anyone acquainted with the animal the object of this 
attitude is obvious — it is taken to ensure the free passage away of the fecal 
matter, and to prevent it running all round the lobes a second time — ^the result 
being that as a fact it goes to the ventral side of the main ciliary wreath, and as 
it were over the Moulder of the animal and then into the central stream of waste 
over the chin, and then away. Now M. piMa adopts precisely the same course, 
but with a different result ; for whereas M, ringeru wants to be rid of its /cvcm, 
M. piluh wants to keep them — the first consolidates the matter within the 
lowest part of the alimentary canal into an oval brick, and then ejects it into the 
stream of waste precisely as does M. rtngetu ; but instead of its passing over the 
chin, it is there stopped and caught (the chins of the two animals beine veiy 
similar), and then laia in the attitude given by Mr. Gubitt (* M. M. J.,' vol. viii. 
p. 5). If the reader will compare this method of brick-making and brick-^ying 
with tliat pursued by M. rmgens (see *M. M. J.,' vol. xviii. p. 214), I think he 
will find some interesting oonolusions involved in the comparison. 
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ni. — Nole on &» Effect pro^uoed on P. angvlatum and other 

Ted Objede hy excluding the Central Dioptrie Beam of Light. 

Bz John Wasi Stsphbkboit, F.BA.S., Treoa. B.M.S. 

{Iltad htf/m t/ie BOTAL Miobobcofical Sociktt, June 5, 1878.) 

Ih die hope that it may be of intesast to the Fellows of the 
Society, aa lUnatrating, in acnne measoie, the denumatratioii hy Pro- 
feesor Abbe, that the leeolation of hned as well as of some other 
ohjeots depends on the diffiraction epeobta produced by the stnio- 
tnre of the ol^ectB themselTes, on the hgbt paasiDg throagh them. 
I have this eveuing placed on the table a aUde of PleuroaigToa 
angvlaintn under the new Ur^e-angled oil-immersion lens with 
the centre stop^ oat, an expenment whioh also provea, if that be 
neoeaBary, that in an objective of the beet oonstraotioQ the oentre 
is not easential to excellence of definitian. 

The light paeaing throngh the object in the present experiment 
ia transmitted oy the achromatic condenser, and is absolutely central. 
Under ordinary conditions this would show, on taking out the eye- 
piece and looking down the tube of the instnunent, one bright 
central light from the lamp, with the six equidistant Borroundiiig 
di&action spectra, produced by the lines (if indeed lines they 
be) in the object itaeU; bat at the back of the obieotiTe and dose to 
the posterior lens I have placed a stop made of black paper, which 
entirdy exclndee the central beam of light ; in this stop, however, 
aim marginal openings hare been 
made, through which the diffino- 
tion spectra pass. The resolt 
is, that in liea of the radinary 
hexagonal markings, the tbItb 
appears of a beaotiful bloe ooloar 
OQ a black ground, and covered 
with eiroular tpola, which are 
very dearly defined with the 
deepest eye-pieoee ; in &ct, it is 
now so shown with a deep astronomical eye-piece made by the 
elder Doll<M)d in the early part of this eentniy. 

This appearance is in exact acctudanoe with Profrasor Abbe's 
thetny. Ia answer to a letter in which I described the effect 

Srodnoed in the above experiment. Dr. Abbe informed me that 
le Philosophical Faculty of the University of Jena had pro- 
posed as a questioa to the mathematical students the ^ect 
produced in the microscope by theee interference phenomena, 
and be enclosed with his reply a copy of a prize essay written 
thereon by Dr. Alfred Eichhran. One problem was that of the 
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appearance piodnoed by six aqmidistant speotra in a ciicle ; tiiese 
correspond precisely with the epectra of Angvlatumy and the 
drawing dednoed fix>m theory, as shown in the annexed figure 
from Dr. Eichhom's essay, is in exact accordance with that now 
presented by P. cmgiAoCtum nnder the oil-inunersion lens; but 
the smaller markings between the circular spots of the drawing 
are indicated by faint points only, nnder the microscope, without 
any definite shape, and would possibly have escaped observation 
altogether had not mathematical tiieory pointed out that such 
imagee ought to appear. The great internet in thia drawing^is, 
that Dr. Eiohhom had never seen a diatom under the microsconp^ 
and gave giaphicaUy notwithstandmg the purely mathematical resmt. 
If we still further manipulate the spectra oy shutting out each 
alternate spectrum, leaving only three, we come back again to the 
hexagonal markings ; but, as I have previously shown,* they are 
three times as numerous as under normal conditions, the length of 
the sides of the equilateral triangle formed by the spectra being 

respectiyely as \/3 : 1. Hence we see that we can by regulating 
the spectra show at pleasure large or small hexagonal markings, 
circular spots, or eyen rectangular figures,! the latter form depend- 
ing on the admission of a spectral image of the second order. 

Taking a yalye of P.formoswm^ and simply stopping out the 
centre of the objectiye aa before, one sees on looking dovni the tube 
without the eye-piece, the whole of the back of the lens filled with 
the sjpectra arising firom the right-angled lines (or dots) of the diatom ; 
but m this case, from the coarseness of the markings, the perfect 
spectra are admitted, and we haye a beautiful white object on a 
black ground ; but instead of the '' plate of marbles " the appearance 
presented is that of circular holes punched out of a silver]r plate.^ 

Treating a test scale of Podura in a like manner, i. a with 
perfectly centitd light from the condenser and no dioptric beam, we 
nave a silvery scale ifriUi parallel black lines running from one aid 
to the otiier, yrith a total disappearance of the exclamation markings. 
This appearance corresponds to a great extent with that demon- 
strated Dy Mr. Beck on one of our scientific eyenings^ on which 
occasion condensed moisture from the breath could be seen running 
down the scala 

It vrill be remarked that the black ground produced by stopping 
out the centre of the objective differs essential^ from that obtaqied 
by a stop in the condenser. In one case the ught is stopped after 
entering the objective, and in the other the great obliquity of the 
incident ray prevents the lens taking it up. 

* < Monthly Micro«ooplcal JoiirnaV vol. xvlL p. 88. 
t * Journal of Boyal Mioroscopical Society,' vol. i. p. 54. 
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A New Organ (f) of ike BaUUoria. — Dr. Pelletan writes in the 
* Journal do Mtorographie,' that haying for several years undertaken 
a series of researches on the Botatoria, and particularly on the 
Botifers, he has come to the condnsiony that these beings are very 
insufficiently known, and that many observations, particularly abroad, 
seem to have been embellished by their authors so as to resemble 
somewhat a romance. 

** In January last I found in some ^^n^ma, which I had preserved 
itf an aquarium for nearly a year, a great number of rotifers without 
eyes, furnished with two rotatory lobes of small dimensions, with 
mastaoes of numerous small teeth, and which seemed to me to be the 
Callidina ehgana of Ehrenberg. A singnlar detail struck me. One 
of them had on the flank of the long seffment that may be called the 
abdomen, a small hyaline vesicle with a double outline, which did not 
disappear whatever movement the animal made. I considered it at 
first a parasite, and I pressed a littie on the covering glass in the 
neighbourhood of the rotifer in order to try and detach it. Not &r 
from it two other animals of the same species, which not long pre- 
viously presented nothing abnormal, had now each a veside, but one 
had it on the right and the other on the left of the abdom^. With 
a -|^ objective I established in the clearest manner that these rotifers 
carried on each side of the body one and perhaps two stigmata. 
These stigmata opened and shut as if by a sphincter; they were 
placed on the summit of a littie papilla, situated towards the lower 
third of the length of the abdomen. When shut they appeared like a 
point surrounded by a circle, indicating a subjacent vacuole, and 
bordered by small radiating wrinkles, formed by the integument con- 
tracted by the sphincter. When open they presented a festooned 
border with a dear bottom. I saw them open and shut alternately 
under my eyes, like the contractile vesicle of a Paramedum, but 
without regidar rhythm ; the contraction appeared to me to be vdun- 
tary. Seen in profile they constituted a peif oration of the integument, 
' and the hernia of the subjacent vesicle by their meatus consequent on 
the compression, dearly proved to me that tiie meatus opened to the 
exterior. As many times as I wished I was able to establish this 
phenomenon and to cause the hernia. This when produced did not 
return any more, at least for several hours, and when the animal 
contracted itself into a ball the hernia persisted. 

It is possible that the fact has alr^y been established, but I am 
not aware of it. I have inferred from it that the mode of respiration 
amongst the different species of rotifers has been insufficientiy known 
to me, for these stigmata or stomata belong evidentiy to the respira- 
tory apparatus, and seem to me to have no other end than to admit 
the aerated water through the thin walls to act upon what may be 
called the hematose, without the intervention of aquiferous canals^ 
since the veside constitutes a close cavity. 

It was important to verify the number and exact situation of these 



NOTES AHD IfBHORANDA. 189 

stigmata, but unfortunately the incessant movements of the animals 
rendered the observation difBcolt, and I have been able to provoke on 
each of them only the hernia of a single vesicle. 

The aqnarinm having subsequently frozen, the plants and or- 
ganisms were destroyed. Since tiben I have never been able to find 
the rotifer in question. Perhaps I have had to do with the larval 
state of a species better known at an adult age. I have not the least 
doubt that my observation was exact — ^it conformed to what is known 
of the respiration of certain dasses of worms." 

A Meihod of Preserving the HotaUma^ Infiuorui^ Ac.y with their 
Organs Extended. — Referring to the preceding observations. Dr. 
Pelletan writes : — " The result showed me the necessity of resummg 
them hereafter, but upon animals rendered immovable at the moment 
of complete activity, and in all the positions that they are capable of 
taking. In fact, iheir extreme mobility and continual changes of 
form, due to their contractility, are a serious obstacle to their study, 
and it is only by a long course of fatiguing observations that the 
same aninuOl can be seen in its different states of extension and under 
its different aspects so as to obtain a fairly complete idea of it. I 
therefore endeavoured to find a method which would enable them to 
be fixed in all attitudes, to preserve them in that state so as to study 
them in the same way as histological preparations and with high 
powers, which is ordinarily very difficult with living animals. Under 
the influence of all the reagents, even with narcotic or ansdsthetio 
agents, the rotifers immediately contract and become only a small 
globule, in which all the organs, crowded one on the other, show 
nothing distinctly. It was necessary therefore to find a fixing agent 
which would enable an absolutely instantaneous effect to be produced. 

This reagent is osmic acid. It has always furnished me with 
excellent results, and I am not aware that it has been previously 
applied to the preparation of the Botatoria and Infusoria. 

Eveiybody knows the property which osmic acid has of fixing the 
histological elements instantaneously in their actual form, but it is not 
sufficiently known that to act with this instantaneousness it is not 
enough that it should be concentrated, but it must be employed in a 
way that its action should not be too much dissipated. Thus if a 
drop of a solution of 1 per cent is placed on a tissue, the exact point 
where the drop has been placed is almost immediately fixed, but the 
neighbouring parts, over which the acid is diffused and acts only, so to 
say, at second hand, aro subjected to a very much feebler action. If a 
more concentrated solution is employed thero is not much diffiarence in 
the effect— the action of the acid is exhausted upon the point imme- 
diately affected, and does not extend to any distance. It is thus that 
M. Ranvier has shown that the arms of the hydra may be fixed instan- 
taneously whilst extended, notwithstanding the exceeding rapidity 
with wluch they retract them, but the drop of acid must be placed 
directly upon the little polyp, which can be best done by the ordinary 
dipping tube. 

It is in an analogous manner that I operate on the rotifers and 
the contractile infusoria. I put about half a cubic oentimetro of the 
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solution on the pTeparation, and at the yery moment of the cataclysm 
all the living beings, animal and yegetable, are instantaneously rai- 
dered immoyable. I then expose the preparation to a onrrent of air, 
which takes off the disagreeable Ysponrs of the add and evaporates 
the greater part of the water. 

I have treated in this manner some filaments of Vauekeria coUeoted 
in March last^ and I fonnd that they preserved their form and colour — 
the protoplasm was not retracted, and they were in fructification. The 
antheridia and the oogonia were visible with a tint of green mnch 
deeper than the rest of the filaments, and containing globides of fatty 
matter, which the acid had coloured brown or black. The ribbons of 
1%p DiatomaoesB, Himantidium pecHnale, the zigzags of Diaioma vulgare 
preserved their natural aspect and tint, the isolated NaviculcB floated 
in the preparation with some Cosmarium and Cloateriwn of a green 
as bright as if they had never been subjected to the action of any 
reagent, but the motile corpuscles of these Desmidiie were for ever 
arrested. Here and there were some Infiisoria {Parameda^ 8iylomckia\ 
&c., of a light brown colour — ^immovable with all their cilia arrested ; 
an EtLglena viridis of a brilliant green showed its red ocular point and 
its long flagellum, — all these beingF, in a word, seemed still -living, 
and their protoplasm had not chimged in form. In the diatoms 
some globules of a light brown indicated their oily nature, but 
no other modification appeared to have been produced. 

The contractile animalcules were found in all positions. Certain 
Yortioellad were immobilized in a complete state of extension, and 
tiieir peduncle had lost its elasticity. The cuticle ordinarily re- 
mained uncoloured, but the internal parts and the muscle of the peduncle 
were brown. The rotifers were in all attitudes; some completely 
developed, the wheels exposed and bordered with cilia, which could 
often bid counted. I have counted twenty on the wheel of a Fhilodina 
erythrophiJuUma^ of which the ocular points, oblique and elongated, 
like the eyes of a Chinese, remained red. It can easily be established 
thus that the rings of their bodies, articulated like a telescope, are 
much less variable than they are ordinarily said to be. 

In short, all the living animals were immobilized in the position 
which they occupied at the moment that the acid touched them. 

The preparations thus obtained can be preserved — by passing 
over them some glycerine the diatoms, desmids, rotifers, and infusoria 
do not contract, and the preparation can be sealed down. In the 
ConfervsB and the other filamentous algie, however, the protoplasm is 
subjected by the glycerine to a very notable shrinking. It is pre- 
ferable, therefore, to preserve the preparations in a 1 per cent 
solution of carbolic acid. 

Finally, I should mention that the reagents ordinarily used in 
histology, and particularly the colouring matters, may be applied to 
the animfdcules. I will give in another paper the very interesting 
results obtained by these methods, but I should say now that in con- 
sequence of the strong action of the osmic acid on the ^nipMtla (giving 
them a brownish tint), they colour badly or confusedly by the gene- 
rality of colouring matters. The method which I have hitherto round 
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preferable is impregnation by a solution of chloride of gold — 1 in 400 
or 500. The diloride acts in pre&renoe on the points where the 
oaminni is already deposited. Its action is, as is known, very incon- 
stant, and the tints which it gives yery variable ; bat the different 
parts of the same animalonle, coloured a nniform yellowish brown by 
the osmium, are differentiated in yarious tints by the action of the 
chloride. Li a PhUodina 1 found the integuments odourless, or of a 
light blue, the muscular bands rose, the intestinal tube brown, the 
doaoa Mack (being full), the glandular maBses violet, and showing 
dearly the vacuoles and the rounded cells, with nudeus and nucledus. 
The operative process is very simple. It is only necessary to pass 
the solution of gold under the preparation very slowly, so as not to 
carry away in the current and lose &e animals which are floating. I 
place a drop of the solution on the edge of the glass and produce on 
the opposite side a very gentle suction by means dT a piece of blotting* 
paper, which has been passed through the vapour of boiling water, so 
that without being wet it is not dry, and so that its suction only 
operates in proportion as it dries. I then place the preparation in 
the light and wash it (in the same way^ with a current of distilled water 
until ibe excess of the chloride solution is removed. If the tints are 
too pronounced the preparation can be treated with a drop of very 
diluted formic add, or mounted in glycerine. 

I have obtained less satisfactory results when the chloride is put 
upon the preparation after the osmic acid — the deposit is much more 
irregular in consequence of the presence of osmic add in excess, 
whidi produces a confused precipitation of the gold." 

A Ifew Form of Hot Stage.— Iji the ' Bulletin de la Sod6t6 Bdge 
de Microsoopie' (voL iv. 108) an ingenious form of hot stage is 
described by M. Benard, the invention of HM. Vogelsang and 




Qeissler, and used by them in their investigations on liquids endosed 
in the cavities of crystallissed minerals. It is said to enable the 
temperature of a preparation under the microscope to be ajppredated 
with great exactness, and at the same time the phases of the dilatation of 
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the liquid to be followed ooResponding to each degree of temperatnre. 
The essentud part of the apparatus consists of a thermoiQeter (T), the 
** bnlb " of which, instead of being spherical, is formed into a ring. 
The thermometer is attached to a brass plate which lies on the stage 
of the microscope, and the ring is so placed that the interspace 
coincides with the opening in the stage, and allows the light from the 
mirror to pass through it. On each side of the ring and soldered to 
it are three glass "Knobs," to which is attached a platinmn wire, 
which crosses above the ring from side to side^ serving as a support 
to the preparation in coigunction with the two pieces 8. This wire is 
attached at 6, 6, to two thicker wires of copper, which are kept in 
place hj the screws at E, and when heated by a battery communicates 
the variations in temperature to the thermometer through the knobs. 
With a battery of two Bunsen elements the thermometer will register 
200^ (OX although such a temperature is not practically necessary, 
as at 150^ Oanada balsam boils. 

Immernon Paraboloids, — Dr. James Edmunds writes to 'Nature' of 
11th July : — *' The immersion paraboloid illuminator exhibited at the 
recent soir^ of the Boyal Society, as designed by me, proyes to haye 
been anticipated in principle and construction by Dr. John Barker, of 
Dublin, from whom a paper on the subject will be found in the Pro- 
ceedings of the Boyal Irish Academy for 1870. An immersion para- 
boloid illuminator was also described by Mr. Wenham in the Tnmsao- 
tions of the Microscopical Society for 1856. My paper on the subject 
appeared in the * Monthly Microscopical Journal ' for August 1877, but 
that Journal being defunct, I ask you to allow me to credit these 
gentlemen with a priority which on perusing their papers I find to be 
due to theuL I ought to add that until the construction by Messrs. 
Powell and Lealand of my illuminator, the derice had neyer come 
into practical use, and that so &r as I can learn, no reference to it 
exists in any optician's catalogue or text-book on the microscope." 

OrganimnB tutpetided in the Aitnoiphere.^'NL, P. Miquel has pre- 
sented through M. Pasteur a note to the French Academy on this 
subject. He says : — ^According to M. Charles Bobin the atmosphere 
presents (besides all kinds of debris^ spores, pollen, skins of insects, 
and ^rarely) eogs of infusoria. According to Drs. Maddox and 
Cunningham, who have confirmed M. Bobin's results, the number of 
the different cellules distributed through the air is independent of the 
▼elocity and direction of the wind and of moistura The collecting 
apparatus which Drs. Maddox and Cunningham made use of consisted 
of an aeroscope acting under the influence of the wind, and at each 
experiment the glycerined plate with which it was furnished remained 
for twenty-four hours exposed to the action of the wind. Once only 
the number of the microbia collected reached the maximum figure of 
880, after deducting all bacteroid particles. 

The results which I haye arriyed at after eighteen months of daily 
investigation differ in many points from those which I have just 
referred ta For the present I shall only deal with the 
of the question. 
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In Older to assure io these investigations the precision which, as it 
seemed to me, they ought to admit of, I suppressed eyer3rthing which 
could complicate tiiem ; I substituted for the aeroscopes operating by 
the action of the wind, aeroscopes furnished with a trumpet and a 
meter which would 'allow the volume of air which entered in a given 
time to be measured. This air, projected by an aperture of hiJf 
a millimetre in diameter upon a drop of a mixture of glycerine and 
glucose, deposited upon it a part of its solid particles. The experiment 
was conducted in the park of Montsouris. The trumpet received 
about 20 litres of air in the hour, and the experiment lasted two days. 

Everything remaining constant, the number of organized cellules 
collected by thia process may vary from 500 to 120,000 per cubic 
metre of air, deducting also in this case all bacteroid particles. If 
so great a divergence exists between the figures published by 
Drs. Maddox and Cunningham, and those which I now give, it is 
obviously to the greater or less perfection of the collecting apparatus 
that it must be attributed. In fact the aeroscope of Maddox suitably 
modified gives very good results. Having had an instrument of this 
kind constructed under my directions, I have collected in twenty-four 
hours and by a current of 8 kilometres per hour, nearly 80,000 
microbia, amongst which were 17,000 grains of pollen. The diameter 
of the smallest of the cellules which I take into consideration was not 
less than -n/\nr ^^ ^ millimetre. 

It is then certain that the atmosphere contains at least a hundred 
times more germs than Drs. Maddox and Cunningham have stated. 
I am equally persuaded that with instruments surpassing in perfection 
those which I now use, the numbers would be very much increased. 
It is necessary to remember that the corpuscles of every kind which 
are thus fixed on a glutinous surface are deposited by a jet of air, 
which only gives up a part and carries away still more with it. 

As the result of my researches I deduce the two following general 
facts applicable to organized corpuscles of the atmosphere whose dia- 
meter is greater than the tvW ^^ ^ millimetre. 

1. The average number of microbia of the air, small in winter, 
augments rapidly in spring, remains nearly stationary in summer, and 
diminishes in autiunn. 

2. Bain always provokes the recrudescence of these microbia. 
The increase brought about by rain is not simply sensible, it is 

often surprising. For example, in summer when to great heat 
succeeds a storm, or a rain somewhat sustained, the instruments which 
the day b^ore recorded 5000 to 10,000 germs, record more than 
100,000 the next day. The same fact being moreover reproduced in 
all seasons with a remarkable constancy, I anticipate that new expe- 
riments cannot but confirm the general conclusion. 

Temperature and moisture seem to me (besides purely local 
influences) the principal causes of variation in the number of micro- 
germs in our atmosphere. 

I will not enumerate here the different organisms which the air 
carries. I will content myself with indicating generally those which 
are always found abundantly. 
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Tho eggs of the large infusoria are rare. Bain-water introduced 
with the greatest precautions into flasks Qiaying their neoks drawn 
ont and sealed) rarely encloses rotifers, cyolopSy karonn, loxodes, Ac., 
but bacteria are always found, very often monads, and sometimes 
rhizopods. On the other hand, 40 cubic metres of tiie dust, immersed 
in water freed from all germs, habitually give many species of large 
infusoria, although it may be difficult to recognize at once their eggs 
amongst the millions of germs in which they are distributed. 

The cellules which are most di£Fiised in the air are undoubtedly 
the spores of the Mucedinie and of numerous cryptogamic productions, 
whose diameter varies from tAtu ^ tMtt ^^ ^ millimetre. Then come 
the fructifications of certain fungi whose dimensions, more considerable, 
sometimes reach -j^ of a millimetre. I refer to tiiose septate bodies 
or germinatiye masses swollen up in the form of spindles, gourds, 
or clubs. Then come pollens of very variable size and colour, then 
grains of starch, which are to the other matters as 1 to 100 or there- 
about, and lastly the green algiB which the air transports sometimes in 
voluminous quantities. 

The author concludes by pointing out that it would perhaps be 
useful and interesting, as bearing on questions of public hygiene, to 
extend to the corpuscles of the vibrions this kind of statistical study.* 

The Foraminifera and Polycystina of the North Polar Expedition of 
1875-76.— Mr. H. B. Brady, F.RS., describes in the < Annals and 
Mag. of Nat. Hist.' for June, the reisults of his examination of the 
soundings from depths of 10 to 220 fathoms brought home by tho 
expedition. After stating that the area represented by the collection 
is altogether new, the author says that there are about half-ardozen 
species Of Foraminifera that may be regarded as essential consti- 
tuents of the microzoic fauna of these high latitudes, having been 
found at almost every depth at which fiie floor of the sea has 
been examined. They are, Oldbigerina huUoidea (a dwarf variety)^ 
Caasidulina Icevigata and C. crassOy Trunoatulina kiatulat PvIvinuUna 
Karstenif and Polystomdla striatopunetata^ usually accompanied by 
one or two forms of Nonionina^ varying according to depth and other 
circumstances, and, if the sea-bottom be composed of rough sand or 
gravel, by PolystomeUa arctiea. Other species occur in even^ sample 
of mud or sand, wherever obtained ; but it is not too much to say 
that those above enumerated constitute ninety-five per cent, of the 
entire collection made from these soundings. The constant occurrence 
of Cassidtdina UBvigata^ of full size and well grown, even when the 
other Foraminifera accompanying it were poor, starved specimens, 
and the presence of Pulvinulina nar»tem in almost every dredging, to 
the practical exclusion of all other species of the same genus, are 
points of considerable significance. The almost complete absence of 
the Milioline genera (for the occurrence of a single, minute, thin- 
shelled specimen here and there in a few of the soundings amounts 
to absence in such a case) is an unexpected feature. In dredgings at 
similar depths but little to the south of those under consideration 
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the simple poroellflnoiis fonns are oompaTatively ocmimon ; and their 
area of distribution is otherwise world-wide; yet it is hardly too 
mnoh to say that no approach to a fnllnsized mature specimen of any 
of the modifications of the Milioline type has been met with in the 
North Polar material. One or two of the species are nndescribed 
hitherto ; and a few others present characters somewhat modified by 
their boreal habitat. 

Here and there in the finer portions of some of the sonndings, the 
siliceous tests of Badiolaria were obeerred ; but at one station only, 
and that the most northerly of all, were they met with in any 
abundance. Professor Haeokel, to whom the mounts were submitted, 
considered that the species are, as far as they go, exactly identical 
with those found in the * Ohallenger ' soundings from the sea-bottom 
in the middle of the Pacific, from about 8^ N. to 8^ 8. of the equator, 
at depths of 2400 to 2900 fisithoms. He also confirmed the view 
which Mr. Brady had already arriTcd at, that, until we have the 
wider basis for accurate nomenclature which the publication of the 
* Challenger * Badiolaria will afibrd, it is better to give nothing more 
than an enumeration of the genera observed. 

In summing up the general results the author points out that, 
with respect to the Foraminifera, we are now able to add to the 
previous researches (which have rendered account of the Arctic fauna 
as far north as lat 76"" 80"— -that is, to within 13^ 80' of the North 
Pole) — ^three further instalments, namely, the group of soundings in 
Smith Bound and the north of Baffin's Bay, a single one in Hall 
Basin, and a series to the north of Bobeson's Ohannel. These extend 
our Imowledge of the sea-bottom to lat. 83^ 19' N., a distance of 
6° 49', more than half the interval between the most northerly point 
of previous researches and the actual North Pole. From a zoological 
point of view the result is not less gratifying. Sir E. Parry's 
soundings in Baffin's Bay, which, taken together, furnish the northern- 
most section of Messrs. Parker and Jones's table, yielded seventeen 
species of Foraminifera. All but three of these have been found in 
the soundings ; but they form only a small part of the catalogue of 
fifty-three species which appear in the table accompanying the article. 
Betting aside the Norwegian lists given by the same authors, as 
representing a fauna more or less infiuenced by the warm current of 
the Gulf Stream, the Hundee Island and Baffin's Bay columns give 
an i^gregate of fifty-five species, or only two in excess of the total 
now recorded. The facts which have been elicited, therefore, appear 
to indicate that there is no very striking diminution in the number 
and variety of the Bhizopoda as we approach the North Pole. 
Thirteen species are figured on two plates. 

On Examining, Preserving, and Photographing Bacteria. — Dr. Eoch, 
of Posen, has published an mteresting article in Cohn's ' Beitragen 
zur Biologie der Pflanzen/ Bd. ii. Heft 8, of which the following are 
the chief results : 

For a long time attempts have been made to improve the 
method of examining Bacteria, such as the hsmatoxyline staining of 
Weigert; the process for the cultivation of Bacteria in long glass 
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tabes introdnoed by Salomonsen, which rendered their thoroagh isola- 
tion in putrif ying blood possible ; also the experiments of Frisch on 
the spread of pntrifying organisms in tissues and the inflammatory 
appearances caused by inoculation of the cornea. 

The ' principal d^cnlties which arise in investigating Bacteria 
are, as Dr. Eoch considers, connected with their small size, their 
movement, the simplicity of their form, and their want of colonr or 
power of strongly refracting light. Bnt an equally great hindrance 
has been the want hitherto of a process for preserving the Bacteria in 
their natural shape and position, and prodncing nndistorted repre- 
sentations of them. To obviate these difficulties the author adopted a 
process which consists in drying on the covering glass a very thin 
film of the fluid containing the Bacteria, in order to fix the latter in a 
plane. This film is afterwards treated with staining fluids and 
again moistened, so as to bring back the Bacteria to their natural 
forms and make them more plainly visible. The preparation is 
then enclosed in a preserving fluid, and finally photographed, to pro- 
duce representations true to nature. 

The separate parts of this process are conducted as follows : — 
First, the drying. A drop of the fluid containing the Bacteria is 
spread out in as thin a film as possible on a covering glass, so that 
Bacteria, blood-corpuscles, &c., do not overlap, but are separated by a 
space more or less great Generally the preparation is ready after a 
minute or two for further manipulation. Albuminous fluids, and 
especially blood, are left somewhat longer to dry — ^if possible, a few 
hours. Covering glasses thus prepared may lie for months, and the 
dried Bacteria will be unchanged ; they must, of course, be carefully 
protected from dust. The objection which might be raised against 
drying them thus, viz. that their form must thereby be considerably 
altered is, as experience has taught the author, unfounded ; for he ob- 
served, to his astonishment, that the Bacteria did not shrink together 
into shapeless masses ; but, like rigid bodies surrounded by a slimy 
sheath, adhered to the glass by this sheath, and dried without visibly 
altering their shape, particularly as to length and breadth. 

The second part of the process consists in moistening and staining 
the dried film. For the moistening a solution of acetate of potash 
(one part in two parts of distilled water) may be used with good 
results ; a swelling without separation from the glass being brought 
about, and at the same time the Bacteria resume perfectly their 
original form, only appearing rather paler and more transparent than 
before. Since the Bacteria which have swelled up again in this fluid 
do not change any further, it is specially adapted to preserve the 
preparation, which may be forthwith cemented. 

The Bacteria are often too pale for examining and photographing, 
and must be made more distinct by being stained. For this purpose 
the aniline colouring matters appear to the author to be the most 
suitable. The Bacteria take, in &ct, the aniline stain so quickly and 
completely that these colours may be used as reagents, to distinguish 
Bacteria from crystalline and amorphous precipitates, as also from 
the finest fat-globules and other minute bodies. Moreover, the 



NOTBS AHD MEMOBAMDA. 197 

» 

aniline dyes, in their solution in water, act like the acetate of potash, 
as they soften the film hut do not loosen it from the glass. Amongst 
the aniline coloors* methyl-yiolet and faohsin appear to the autiior to 
work best; he especially recommends the methyl-violet which is 
marked B B B B B in the price lists. When it is wanted to make the 
object more conspicaons for photographic plates aniline brown.shonld 
be used. 

For presenring the preparations thus stained, either Ganada 
balsam, a concentrated solution of potash, or glycerine may be used. 
Those preparations only which have been coloured in meuLyl-violet 
or fitchain are adapted for placing in balsam. After being taken out 
of the staining liquid they are thoroughly dried and laid in the balsam 
in the usual way. Preparations coloured with methyl-violet and 
fachsin, when they are to be photographed, must, in order to preserve 
the Bacteria in the most natural form, be placed, whilst still moist, 
in the solution of acetate of potash, and that must be done directiy 
after they are taken out of tiie stidning solution, and they should 
then be sealed. Qlycerine, as it takes out the colours, will not do to 
place these preparations in; on the other hand, it is the best pr^ 
serving fluid for preparations coloured with aniline brown. 

As regards photographing, the Bacteria are not different from 
other microscopic objects. Aia, according to the process above de- 
scribed, the film to be photographed is immediately under the covering 
glass, the employment of the strongest immersion objectives is pes- 
sible. Under favourable conditions living Bacteria, which are not in 
a state of motion, may even be photographed, of which the author 
gives an example in a ^* photogram." He draws attention to the fact, 
that the photographic plate reproduces the microscopic image gene- 
rally better, that is more surely, than the impression on the retina of 
the eye can be. The article itself gives yqtj explicit details of the 
process in photographing. 

As proof of the excellency of the productions obtained by his pro- 
cess the author gives three plates, containing twenty-four specially 
fine ^ photograms " ; on which the most delicate details, as, for 
instance, the flagella of the Bacteria^ are plainly visible.* 

A Moist Chamber of very simple construction for observing the copu- 
lation of the Spirogyra is described by Dr. Strassburger, in his book on 
' Fertilization and Cell Division.' It consists of a ring of cardboard 
soaked in water, on which the covering glass is placed. The drop of 
water containing the Spirogyra must be suspended from the under 
surface of the covering glass, and may then be preserved for several 
days, and the copulation readUy observed. If the plants are placed 
under the covering glass in the usual way, they will infiiUibly die. 

The ^ZetUmayer" New Patent Microscope. — This instrument^ 
which has just been introduced into this country by Messrs. Boss, 
resembles in appearance the well-known Jackson form of stand, but 
differs from it in the following particulars : — 

The limb supporting the hoaj with the slide for quick adjustment, 

* « Zdtachrift f. Mikioskopie,* vol. i. p. 119. 
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caxries aLso a seoond elide, parallel with, and at the back of the other, 
by meaas of which a slow adjustment is obtained by the action of a 
stent steel lever passing throngh a channel in tiie limb ; the lever is 
acted upon by the ordinary micrometer screw in conjnaction with a stiff 
steel spring. This arrangement permits of the milled head of the 
fine adjustment being placed in a most accessible position, on a step 
above ike trunnions supporting the limb and body of the miczosoope, 
almost similar to the fine adjustment in the old Boss model. This 
simple fine adjustment, when in use, leaves the body of the instru- 
ment quite untouched, and therefore not liable to swerve ; an evil of 
common occurrence in cases where the fine adjustment is attached to 
the body itself. The magnification of objects is not altered by a 
difference in the length of body, as is more or less the case when the 
fine adjustment is obtained by means of a cylinder sliding in the 
nozzle of the instrument, and the thickness of an unoovered object 
on the stage can be directly measured by means of a divided scale 
and vernier which can be attached to the limb at the edge of the fine 
focussing slide. 

The most important feature of the Zentmayer stand consists in 
an improved mettiod by which the tail-piece or stem carrying the 
mirror, sub-stage, with all illuminating apparatus, can be turned aside 
or swung on a tubular pivot (placed at the back of the stage), the 
centre of which is in a line in the optic axis intersecting the plane of 
the object on the stage, and consequently also in the focus of the 
object-glass* 

The use of this swinging tail-piece arrangement enables otrndensing 
and other lenses for concentrating light to be used at any angle below 
or even above the stage if required, affording peculiar facUities for 
obtaining oblique illumination, and in the adaptotion of appliances to 
be used for the purpose. For registering the angle at which an object 
is best observed there is a divided arc on the upper segment of the 
swinging stem. 

With the usual form of microscope stand, in which a fixed stem 
supports the subnBtage, oblique light has to be obtained either by 
the use of separate reflecting prisms or admitting light through 
peripheral stops from the margin only of high-angled condensers^ 
These necessanlv come very close to the slide, and there is a difficulty 
in regulating^ the obliquity of deficient marginal rays. In the 
Zentmayer stand, however, with the use of the swinging arrangement, 
condensera and illuminatora of long focus can be used with great 
advantage, and abundance of light is obtained with low-power object- 
glasses such as the 1 inch and H inch. 

In order to get the best results for oblique illumination a very 
thin stage was found to be requisite ; a simple mechanical stage, with 
conoentnc rotary movement, has therefore been designed specially 
for this instrument by Mr. Wenham, having only one movable plate 
in its construction, the rectangular directions of which are per- 
formed by two concentric milled heads, something similar to the 
well-known Turrel stage. This stage is supported by a conical stem, 
which passes through tho tubular pivot of the swinging tail-piece 
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aixaiigeineiit, and is clamped at the back of the insimment by a strong 
screw and nni. This stage can be readily removed from the instrument 
and replaced by any other form of object sapport to suit the special 
requirements of mioroaoopists. 

The idea of swinging the sub-stage and illuminators on the line of 
the object under obseryation is not a new one, several plans having 
been adopted from time to time by difierent microsoopists to effect this. 
The most important was the subject of a patent more than twenty 
years ago, by Mr. Grubb, of Dnblm, who B^d, exterior to the stage, a 
sector comprising nearly a semicircle, upon which the attachments 
for the iUuminators were made to slide. The centre of the arc was 
set so as to be coincident with the object in focus on the stage. The 
Zentmayer system, however, of swinging the sub-stage is the most 
simple yet devised, and does not inteSrfere with the stability or ordi- 
nary use of the instrument, for when the swinging bar is clamped in 
line the peculiarity at first sight is not reacQly observed, and the 
contrivance of this effective arrangement is very creditable to the 
ingenuity of Mr. Zentmayer. 

Digestive Apparaiw of Spiders, — ^M. F. Plateau has communicated 
papers on this subject to the Acad^mie Boyale of Belgium, in whose 
^ Ihransactions ' they will be found, and in the * Bulletin of tibe Soci6t6 
Beige dcf Microscopie,' January 31, 1878. He states that the di- 
pneumonous spiders have the pharynx and oesophagus so narrow, that 
the juices of their prey penetrate tiie buccal intestine by capillarity ; 
the dilatation of the suction organ driving them forward. When this 
organ contracts, the narrowness of the tube obstructs their return 
li^ a cork, and they are propelled into the middle intestine. In 
the first part of their course they are mixed with the pharyngeal 
secretion, which may have the properties of insect saliva, but no ex* 
periments have been made with it. From a mechanical point of view, 
the caBca of the middle cephalo-thoracic intestine only play a passive 
part ; and if they serve as reservoirs, the liquids only enter them by 
the pressure occasioned by the suction organ. The cfecal secretion is 
not add, and probably not analogous to gastric juice. It is an error 
to suppose the middle cephalo-thoracic intestine of spiders is analogous 
to the stomach of vertebrates. The principal digestion of albuminous, 
starchy, and fatty matter is effected by the energetic action of the 
liquid specially secreted by the abdominal gland, which is generally 
yellow, and containing fine granules, fat-globules, and epitheUal cells, 
more or less intact. It is slightly acid. As with insects and decapod 
crustaceans, the acting ferment is evidently different from the pepsine 
of vertebrates, and an addition of a feeble trace of hydrochloric acid, 
instead of enlivening its action, completely stops it; but, like the 
pancreatic juice of vertebrates, certain salts, such as carbonate of 
soda, slightly promote it. This liquid rapidly transforms starch into 
glucose. The abdominal gland of the spider is not a liver, although 
its containing glycogen, together with its form, tend to the suppo- 
sition. Its £quid does not exhibit the properties of bile, nor its 
colour with reagents. It rather resembles the pancreas of vertebrates, 
but the likeness is not perfect. The matters accumulating in the middle 
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intestiiid pass onwards tbroiigh the action of the TOiy thin mnseiilar 
coat of this portion of the digestive tnbe, and probably also under 
that of the mnsotOar colmnns. This mass divides and becomes sor- 
ronnded with a thin envelope secreted by the epithelimn of the intestine. 
The result is the production of solid excrements^ which coUect in the 
stercoral pouclu A chalky liquid secreted by the nuJpi^iian vessels 
abo collects there, and exhibits innumerable corpusolesy extremely 
small, discoid, or spherical, grouped in pairs, and sometimes aooom- 
panied with microscopic crystals in rhomboidial tables. The secretion 
of these tubes is neutral and contains salts, amongst which is chloride 
of sodium. So far as can be judged, it does not contain uric add, or 
urates, but it is easy to show ike presence of guanine. The sterooial 
pouch is a reservoir collecting the residues of digestion, and the 
malpighian products. Its contents are expelled at considerably Icmg 
intervals under the influence of its well-developed muscular coat. 
We must remember, finally, that the dipneumonous spiders can live 
for many months, that is to say, during the whole season of physio* 
logical activity, without fDod. 

Hooked Spines onihe** Boot-fibres " of Britith PoZyeoo.— In No. 72 
(Zoology) of the ' Journal of the Linnean Society ' Mr. 0. W. Peach, 
A.L.S., writes in regard to Serupoeellaria seruposa^ that although it is 
common and well known he is able to add a little to its history. 
Having received a specimen on a sponge (HaUchondria panieea) hem 
the Frith of Forth, and desiring to know now it moored itself to the 
soft body, he cut open the sponge, and found, as he thought, curious 
sponge-spicules, difiering from all he had previously seen. On tearing 
it from the sponge, he saw that the '^spicules" were actually the 
^'tubulous root-fibres" of the ScrupoeeUaruu Having hitherto con- 
sidered these ''root-fibres" as smooth, with a disk for adhesion to 
anything, at the lowest end, it was a new fact to find that they were 
armed with stout hooked spines where they were buried in the sponge, 
the points of the hooks bent towards the zoophyte, like the flukes of 
an anchor pointing towards the bow of a diip when the cable is 
stretched tight These hooked spines are shaped like the thorn of a 
rose tree, and surround the '* root-fibres " in a rather irregular manner, 
and when dragged out of the sponge hold in their grasp numbers of 
the sponge-spioules ; this at once explained why these ''root-fibres*' 
were armed with hooks, and the points bent towurds the zoophyte. 

In another specimen from the same locality it was found that the 
spines, &a, were constant under similar circumstances. A specimen 
of Canda reptanSy collected in Oomwall before 1849, on examination, 
showed similar hooked spines on the "root-fibres." In the hope of 
confirming this with a Scotch specimen, Canda r^ptans was got from 
Newhaven (N3.), unfortunately not on a sponge, but on Fkuira 
foliacea; here the hooks were absent; but the tips of the "root- 
fibres " were furnished with short radiating processes spread out at 
right angles, and from these short disk-like processes were inserted 
into the openings and body of the cells of the FUutra^ thus giving a 
firm grip on this larger fan-shaped aiid firmer support, and enabling 
the zoophyte to ride safely in a storm. 
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Here, ilien, we haye onrions instanoeB of things low (?) in the scale 
so well adapting themselTes to changed oixoumstances as to secure 
their safety and presenration. In no works on British Zoophytes is 
there any notice of these hooks, 

A New Postal Box for 8lide$, — A new form of box for sending 
slides by post has been snggested in America by Dr. B. H. Ward, 
and is said to have " preyed sncceesfol beyond anything tried before," 
in saying the slides from injury. The arrangement conaiBts gene- 
rally in remoying the racks, and lining the top, bottom, and end of 
the boxes with thick, soft doth, and arranging folds of the cloth, 
glued or stitched in place, like a rack at each end of the box, so that 
a double thickness of the doth shall extend between the slides from 
each end one inch towards the centre. It is described in detail in 
the ' American Naturalist ' for February, and Hardwicke's * Science- 
Gossip ' for April. 

A ** New " Sox for Microseopie Slides, — In the ' American Journal 
of Microscopy ' for May, Dr. Carl Seller suggests that the racks of 
the boxes for slides should slant at an angle of 130^ to the bottom of 
the box, the inclined position of the slides then obyiating, as is said, 
the difficulty there is in reading the labels when the slides are 
upright (as well as the difficulty in getting them out), or injury by 
their sliding oyer one another when flat This plan was e^bited 
in England many years ago, but discarded on account of its incon- 
yenienoee. 

AppctnUus for retoMng Te$^ Gbfeete, — ^Mr. George Williams, of the 
Quekett Microscopical Olub, has oontriyed an apparatus for fncilitating 
the use of the small bull's-eye illuminator deyised by Messrs. Powell 
and Lealand for the resolution of An^hiplmira peUueida, That illu- 
minator Mr. Williams points out operates successfully on those 
specimens only which happen to lie in the direction of the width 
of the slip or within yery narrow limits of it, the rest of the 
spedmens being, from tbeir position, wholly unsuitable for examina- 
tion. If the slide is turned by rotating the stage of the microscope, 
the length of the slide quickly interferes with and pushes adde tiie 
bull's-eye. To oyereome this difficulty is the object of the apparatus, 
which consists of a tubular disk-holder 1 inch long and f inch diameter, 
the top cut out so as to leaye three equidistant ^-inch uprights (as 
slender as possible, so as not to obstruct the light), with smidl lips, 
upon which can rest paralld a disk of thin plate or crown glass on 
which the diatoms are mounted. The tips of the uprights are slightly 
inclined inwards, to spring lightly against and steady the disk to 
oyereome the suction of immersion objectiyes. The disk-holder slides 
oyer a tube fixed to a brass plate with a central hole, which is attached 
by screws to the stage of tilie microscope. The bull's-eye condenser 
is attached to the stimd, and either the disk-holder or the stage of the 
microscope can then be rotated to get any particular specimen into 
'position.* A further improyement has been suggested, by substi- 

* < EngliBh Mechanic/ yd. xxtH. p. 807. 
yOL. L Q 
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tating for Hie brass plate a Darker's reyolying seleiiito stage, by 
means of which the didc-holder can be readily rotated.* 

Terricohus Bhizopoda. — ^M. A. Schneider has presented through 
M. de Lacaze-Duthiers to the Academy of Sciences the following 
note : — 

It is known that some rhizopods are able to live on land. De 
Oreeff has described six or seven species — Amaba terricola and ArceUa 
arenarta amongst others. We have fonnd these latter forms and ten 
others incontestably new, and all belonging to the group of Amoebe 
famished with a test. The test has more or less the form of an 
ovoid, sometimes drawn into a neck at one of its extremities, and 
nearly always compressed so as to present two distinct &oes. It appears 
to be chitinous, sometimes thin and transparent, and figured with 
hexagons, areoles, circles, &o^ sometimes thicker and coloured brown, 
and in a very common Arcella formed as if by an agglomeration of 
small grit. It has only one orifice smooth or indented, terminal or 
situated on one of the faces bevelled out to receive it. 

The sarcode body of the interior, observed in a state of repose, is 
clear and homogeneous without granules in its lower third part, which 
encloses only the nucleus and two or three contractile vacuoles. At 
the limit of this lower third and the two upper thirds is seen a layer 
of fine yellowish granules spread out in a transversal plane. The two 
upper thirds are formed of a protoplasm more or less irregularly 
granulous, with or without foreign bodies in process of digestion. 

The nucleus, always spherical, encloses one or many nucleoles. 

When the animal is active this distribution of its constituent 
elements is disturbed, and it is seen to emit by the orifice of its sheU 
pseudopodia which resemble in their general features those of the 
amoeba, and whose length may reach to double that of the shell. To 
emit these pseudopodia the animal detaches itself more or less from 
the internal walls of its habitation, to which it only adheres at various 
points by protoplasmic filaments. 

If the exterior conditions become unfeivourable the rhizopods 
retract and encyst themselves. In the interior of the shell is then 
seen a regular sphere, in which all the elements of the stmotore of 
the animal are recognized, enclosed with foreign bodies. 

A certain number of these expelled before the enoystment may 
form a protecting barrier at the orifice of the shell. On adding a 
little water they are seen to break the firail envelope of their cyst and 
to resnme possession of their quarters. 

We have seen conjugation in the case of four of the species, and 
there is reason to believe that it occurs in all. 

To this conjugation succeed cysts whose contents represent some- 
times those of the two contractants ; sometimes those of one only ; 
each one then encysting for itself after an ephemeral union with the 
other. 

These cysts of reproduction give spherules or spores, the evolution 
of which we have not yet followed, but which we hope to be able to 

* * English Medhanic,* voL zxYiL p. 870. 
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observe before the complete pnblication of the preoeding fiiots in the 
* Archiyes ' of Professor de I^caze-Duthiers.* 

Hie Life'Hiitory of a Minute Septic Organism : toUh an Account of 
Experiments made to determine its Thermal Death Point. — A paper 
nnder this title, by the Bev. W. H. Dallinger, was read before the 
Boyal Society in May last. It was an account of a hitherto nnre- 
ooided organism, belonging to the septic series, which was found in 
the earlier stages of the decomposition of the macerating body of a 
▼ole. It was studied by the aid of the '* continuous stage " used by 
Mr. Dallinger and Dr. Drysdale in their " Besearches on the Life- 
History of the Monads," by means of which a drop of the septic fluid 
containing the organism can be kept under examination for an in- 
definite time, without evaporation ; and be studied with the most 
delicate and powerful lenses. The method pursued was continuous 
study, first of the details of the several metamorphoses, and by the 
light thus gained, a continuous study, subsequently, of their sequences 
in the same individual form. 

The majority of the most difScult and delicate work was done with 
a new ^l^inch lens, made for the author, with a special view to this 
dass of observation, by Messrs. Powell and Lealand. 

The organism never exceeds the zi^ of an inch in long diameter ; 
it is oval, with a constriction slighUy in front of its short diameter ; 
and at its anterior extremity has a head-like protrusion, to which is 
attached a long delicate flagellum. At the sides of the shorter, or 
front segment of the oval, somewhat in the position of *' shoulders," 
two long fine fiagella proceed, and as a rule trail with exquisite grace 
behind ; one on either side. It swims with great rapidity and has 
every variety of motion in the fluid ; and in the accomplishment of its 
evolutions its lateral flagella are largely concerned. But besides its 
swimming power, it has the capacity to anchor both its trailing flagella 
to the floor, or the stage, or to a decomposing mass, and by coiling 
these flagella, and bringing itself down upon tiie body to which it is 
anchored, and then suddenly darting up so as to make its flagella, 
together, the radius of a circle, it darts down on the decomposing sub- 
stance, and by the enormous numbers that are constantly doing it, 
aids in the rapid breaking up of the tissues. 

By steadily following it in the free-swimming condition it was 
seen to undergo fission or self-division, which was a very complex and 
extremely delicate process ; the division beginning in the front 
flagellum and proceeding until, by longitudinal division, a new lateral 
flagellum was, in the act of self-division, made for each half; and by 
the snapping of this both halves went free as perfect organisms, soon 
to commence the process again. A great deal of dose and careful 
detail was given of this process, and was accompanied by illustrations 
drawn from nature. There were also accounts of a series of observa- 
tions on the frequency of the recurrence of the process of fission, by 
the continual following of one segmental product of the act ; and 
also, from its beginning to its cessation, in a series of separate 

* *OompteB BenduB,' vol. Ixzxvi. p. 1557. 
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oiganisnus, makiiig numifest the periods of greatest fissioiial intensily ; 
and also showing the result following on the cessation of fission. In 
the majority.of cases it was an exhanstion of Tital action and death ; 
but in a certain proportion, in which fission was not so long continued, 
it was a rapid change to an amoeboid condition, resulting in the 
absorption or fusing of the lateral flagella with the body, and a change 
of form ; the organism becoming now quite oval and having only an 
anterior flagellum. It swims easily, but has lost all the power and 
freedom of motion poseessed before, moving only in a straight line. 
But it soon comes into contact with a colony of the organism in 
the springing condition, attaches itself to one of them, which then 
soon unanchors, and both swim away. In the course of time' their 
movements become sluggish ; the sarcode of the bodies is palpably 
blending, they become quite still, except for amceboid movements, and 
then become one mass, oval in form, which elongates into a spindle- 
shape, remaining motionless and still in all respects for three or four 
hours ; when, as was ultimately and by long-continued eJQfort made 
out, it pours out exquisitely minute, opaque, apparently round specks, 
which, when carefully and steadily followed with the best appliances, 
were seen to develop into the adult form and size. 

The author then desired to discover the relative heat-resisting 
power of the perfect form, and the germ or spore. The adult forms 
were proved by a very direct method, which was fully detailed, to be 
wholly destroyed at a temperature of 142° Fahr. Two methods of 
heating were employed to test the resistance of the spore. One was 
the *' dry" method which had been employed in the former researches; 
but which was somewhat modified and used with special precautions ; 
and the result of an elaborate series of experiments proved, that by 
this mode of heating, the spore could resist a temperature of 25CP 
Fahr. 

It was next determined to test the heat resistance of the spores 
when they suffered the heat, diffused in a fluid. The difficulty of ac- 
complishing this, so as to secure an unmistakable result, was carefully 
S>inted out and dwelt on; and the opinion recently expressed by 
r. Bastian that it was '* perfectly easy shown to be an error. 
The apparatus employed for the purpose was specially delicate, 
but enabled the author to test directly the results of heat on the 
spores as well as on the adult organism, without exposure after the 
vessel was once sealed. The form used was specially devised for 
these observations. The t6m2)erature8 up to the boiling point of water 
were got in melted paraffin, aud higher temperatures in a digester. 
The reisult was that 220^ Fahr. was found to be the limit of tempers- 
tnre which the spore of this organism could endure without destruction 
of vitality. That is to say, 80° Fahr. lower than the same spores 
could bear in a ** dry " heat But it was pointed out, that to endure 
this temperature, implied protection of some kind ; but tiiat this in 
the undevdoping germ was not only capable of being understood, but 
would doubfless proye of immense value to the organism.* 

• ' Nature/ Ko. 447, p. 102. 
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Hie Fine Adfu8lmeni,of EnglM MicroBcopes, — ^Many of the foTeign 
writers on the microecope condemn the form of this adjustment^ 
because they say that on account of the amplification constantly 
varying in consequence of the yariation in the length of the tube, 
precise micrometric measurements are impossible. Dr. Van Heurck» 
the Belgian botanist and microscopist, writing in the ' Bulletin * on 
the new oil«immersion object-glass and the adyantages it offers in 
dispensing with any correction adjustment, says, that it is curious 
that those who have thus criticised the fine adjustment should neyer 
haye criticised the correction collar, for to that their objections 
particularly belong. By yery precise experiments made with a cob- 
web micrometer, he satii^ed himself that even with a ^ the difference 
of amplification was insignificant, when with a Boss microscope the 
tube was lengthened or shortened to the fall extent of the fine adjust- 
ment. With, howeyer,- an 1 or -^^ variations in the amplification 
of 100 diameters were obtamed from the different positions of the 
correction from dry to the extreme limit for immersion. 

The OmamenUd Colours of DaphniadoB. — ^A long and interesting 
paper on this subject by Dr. A. Weismann appears in Siebold and 
Kdlliker's ' Zeitschrift,' yoL xzx. suppl. 123, illustrated with a pUte 
in colours. Dr. Weismann, it will be remembered, originated some 
elaborate investigations into tlie ^terrifying" colours of animals. 
The author thus summarises the results of his researches : — 

1. Only a small number of Daphniadie have variegated colours, 
which are for the most part developed in both sexes, seldom only in 
one, and partly in equal and partly in different degrees. 

2. This colouring must be regarded as a decoration which was 
first acquired by one sex alone (probably for the most part by the 
males), but afterwards transferred in most cases to the other sex also. 
It is conceivable that this transfer was materially accelerated by the 
introduction of an alternating sexual selection, so that at the com- 
mencement of every sexual period, the males, at that time few in 
number, chose the most beautiful females, but towards the end of the 
sexual period the females made the selection from among the relatively 
more numerous males. 

3. The acquisition took place probably at a time when already a 
part of the year's breed multiplied only parthenogenetically. From 
the constant difforence in colours between neighbouring colonies it 
may be concluded with some probability that the development of the 
cdours only began after the isolation of the colonies, i. e. after the 
Olaoial period in Northern Europe. 

4. The transfer took place in a threefold direction, according to 
the law of homochronic transmission of Haeckel, modified by the 
gradual '* retrogression of character," — first to the other sex ; secondly, 
towards the stage of growth when the sex is undeveloped, or at least 
full growth is not yet attained ; and thirdly, to the parthenogenetically 
produced generations. In all three cases the different species which 
are provided with ornamental colouring are found in different stages, 
the highest stage, L e. the perfect transfer of the colouring to both 
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86X68, all stages of growth, and all generations of the yearly oyole, is 
only obtained by one species (Latona). 

5. The DaphniadBB famish thus a farther proof that secondary 
sexual characteristics may become general characteristics of speoieB, 
and illustrate the Darwinian yiews of the origin of the ooloors of 
butterflies. 

Schulze's Mode of Intercepting the Oerminal MaUer of the Air. — 
Professor Tyndall contributes a paper on this Bubject to the Boyal 
Society, of which the following is an extract :^- 

In 1836, Schulze described an experiment which has obtained 
considerable celebrity. He placed in a flask a mixture of vegetable 
and animal matters and water. Through the cork two glass tubes 
passed air-tight, each being bent at a right angle above it. He boiled 
the infusion, and while steam issued from the two glass tubes he 
attached to each a group of Liebig's bulbs, one filled with solution of 
caustic potash and the other with concentrated sulphuric acid. 
Applying his mouth on the potash side he sucked air daily through 
the sulphuric acid into the flask. But though the process was con- 
tinued from May till August no life appeared. 

In this experiment, the germs diffused in the atmosphere are 
supposed to have been destroyed by the sulphuric acid, and doubtless 
this was the case. Other experimenters, however, in repeating the 
experiment of Schulze have luled to obtain his results. Schulze's 
success is perhaps in part to be ascribed to the purity of the air in 
which he worked ; possibly also to extreme care in drawing the air into 
his flask ; or it may be that the peculiar disposition of his eiqperiment 
favoured him. Within the flask both glass tubes terminated imme- 
diately under the cork, so that the air entering by the one tube was 
immediately sucked into the other, thus failing to mix completely with 
the general air of the flask. 

At a very moderate rate of transfer,Ifound, in 1869,that germs could 
pass unscadied through caustic potash and sulphuric acid in succession. 
To render the experiment secure, the air-bubbles must pass so slowly 
through the acid that the floating matter up to the very core of every 
bubble must come into contact with the surrounding liquid. It must 
of course touch the acid before it can be destroyed. 

Beflectinff on this experiment, and knowing that a sealed chamber 
simply wetted within suffices to detain the floating matter coming into 
contact with its interior surface, I thought that the same must hold 
good for the air-bubbles passing through a group of Liebig's bulbs. 
Every bubble, in fact, represents a dosed chamber of infinitesimal size, 
and it seemed plain that if the walls of this chamber were formed of 
water instead of sulphuric add, the floating matter would be effectually 
intercepted. This oondusion I verified by experiment. 

Two large test tubes, each about two-tlurds filled with turnip 
infusion, completely sterilized, were so cozmeoted together that air 
could be drawn through them in succession. Two narrow tubes passed 
through the cork of each test tube in the same manner as in Schulze's 
flask, and it was so arranged that the tube which delivered the air 
should end near the surface of the liquid, the exit tube in each case 
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ending immediately nnder the cork. Two series of Liebig's billbs, 
charged with pnre water, were attached to the two of this arrange- 
ment, one being connected with a large receiver of an air-pump and 
the other left open to the air. The connection between the receiyer 
and the adjacent bnlb being first cnt off hj a pinch-oock, the receiver 
was exhausted, and by carefidly loosening the pinch-cock a very slow 
passage of the air through the test tubes was secured. The rate of 
transfer was, however, such, that the air above the infusions was 
renewed twenty or thirty times in twenty-four hours. At the end of 
twelve days the turnip juice was perfectly pellucid and free from life. 
Two days' exposure to ordinary air sufficed to render it muddy. 

After twelve days the pinch-cock was opened so as to allow a 
momentary inrush of the external air, which was immediately checked 
by the reclosing of the cock. Three days afterwards the infusion of 
the test tube into which the air first entered was muddy and crowded 
with life. The contamination did not reach the second test tube. 
Similar experiments completely verify the conclusion, that in Schulze's 
experiment water may be substituted for sulphuric acid and caustic 
potash without any alteration in the result.* 

The Ordinary Microscope as a Polariscope for Convergent Light, — 
Professor A. de Lasaulx, of Breslau, describes in the * Bulletin of the 
Belgian Microscopical Society ' a method of using the microscope for 
this purpose. He points out that the ordinary polarizing instruments, 
whose magnifying power is always feeble, scarcely allow the examini^ 
tion by convergent light of small particles or the ordinary micro- 
scopic lamellffi of minerals requisite for the petrographio study of 
rocks, so that in the examination of very smaU crystals it becomes 
difficult to determine the parts most suitable for examination, or to 
grasp a number of optical details. For these observations, however, 
file ordinary microscope with two Nicol prisms is available — all that 
is necessary is to remove the eye-piece, and to work with the 
objective alone between two crossed Nicols. There is then so strongly 
convergent a light that the interference figures can be seen even in 
the thinnest plates. According to the dimensions of the plates under 
observation a high-power objective can be employed, but with the 
higher ones (as Nos. 7 and 9 of Hartnack) the field is not entirely 
round. This can, however, be corrected by applying to the lower 
Nicol two lenses, one of 12 mm. focus, and the o^er 6 mm., and so 
arranged that each of the two can be used separately or together, 
in the latter case giving a focus of about 6 mm. A completely 
round field is thus obtained even with the highest objectives. 

By this method it is eaisy to see the phenomena of interference 
presented with convergent polarized light by crystals, which only 
become diaphanous when they are reduced to an excessive thinness. 
For instance, the figures of substances which exhibit rotatory polariza- 
tion can be seen in thin plates cut perpendicularly to the vertical 
axis, as in cinnabar — also the black cross in the small scales of mica 
enclosed in the thin plates of certain basalts. The employment of 

♦ * Proo. Boy. Soc.,' No. 185. 
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the nicroieope m m whAeape la tin ^petiaJlj mlb^^ 
•tody of mftU macled crysfada of ft stmctore more or leas oom- 
plici^ed tod rich in ipterladngB, wldeh only beoome riable with 
pokrixad li^i. With the eye-pieoe in place, theae cryatala can be 
examined with parallel light, and their pecoliaritiee of stractoie and 
other pointa taken note oE The platea moat aoitaUe for examination 
can then be placed exactly in the centre of two croeaed threads in the 
eye-piece, and on removing the latter, they can be examined with 
conrergent polarized light. By thia simple method the extremely 
complicated cryatala of Phillipeite haTo been obaerred, alao of 
Sileaian Sixgwitz, which are only diaphanous when reduced to the 
tfainneat pliSea. The amall ciyatala of Tridymite were by these 
meana ahown hv the author not to be hexagonal, as waa considered 
f^om ita paeodo-hexagonal form, with one optic axis, bat biaxial — 
the two hyperbolas being plainly seen.* 

Qnekett MieroBeopical G2ii5.— Professor Huxley, F.B.S., haa been 
elected to the office of President of this dub for the ensuing session. 

Stromatopora at disHnguUhed from MiUepora, — Dr. Dawson, F.BJ3., 
of Montreal writes to the 'Annals of Nat. Hist' (July) that the 
April number, containing Mr. Carter's paper, '* Identity in Structure 
oiMillepora dlcicomis and StramatoporOy" reached him not long after 
the completion of a series of careful microscopic studies of the 
StromaioporcB and .allied forms which abound in all the American 
limestone formations, and had arrived at the conclusion that these 
fossils appertain to the group of Bhizopods. After reading the 
paper, he re-examined the specimens of Hillepora, but wiUi the 
result of failing to find any indications whatever of the afifinities 
asserted by Mr. Garter ; and he gives the grounds for disputing what 
he terms '* the somewhat extraordinary identification of two classes of 
organisms which scarcely resemble each other in anything except in 
being calcareous and porous." 

Dr. Dawson mentions that having in his possession at present a 
considerable number of duplicate specimens of Stromatopora^ in such 
a state of preservation as to show under the microscope their actual 
atructure, he will be happy to send by post chippings of these 
specimens to any naturalists desirous of studying them and of com- 
paring them with such organisms as Lofiutia on the one hand or Eozoon 
on the other, with both of which tibie StramatoporcB have decided 
affinities. 

Profettor 8chtMnn*$ JMiee. — The fortieth anniversary of the 
professoriate of the co-author with Schleiden of the '^ Cell theory," 
and author of ' Microscopical Investigations on the Identity in the 
Structure and Growth of Animals and Planta," was celebrated at 
Li6ge on June 28. The celebration included a laudatory oration of 
the Professor, the presentation of addresses from learned bodies 
throughout Europe, and of an album of living biologists, the unveiling 
of a bust, and, lastly, a banquet. Mr. F. M. Balfour, of Cambridge, 
represented England. 

* « Bulletiii de la 8ooi€ttf Beige de Mioroeoopie,' vol. iv. p. 177. 



K0XB8 AND HEICOSANDA. 209 

OlyciphaffUi phmiger. — In ^ Scienoe-Ck)8flip ' for July, Mr. A. 
Michael mentionB the oapture by him of this acams in England, in 
fodder ixL a stable* Though only one other case of its capture here is 
on record, Mr. Michael considers that from the f&ck of it having been 
found in two remote parts of the country, between which there would 
not be likely to be communication, and which are both agricultural, it 
may be fairly claimed as a British species, although only a single 
individual has been detected in each instance. A woodcut of the female 
(not previously figured) is given. 

A New Family of Calcareous Sponges. — ^Mr. H. J. Carter describes, 
in the ' Annals ' for July, two new species of calcareous sponges, in 
which the excretory canalnBystems do not open into a commbn cavity 
(the " cloaca " of Dr. Bowerbank) which discharges itself at one or 
more apertures, but open directly upon the surface. 

Mr. Garter gives the following description of the single genus of 
the funily : — 

Teichonellida (rctxos^ a wall), new &mily. Character. — ^Vallate. 

TnoHONSLLA, nov. gen. 

Oeneric characters. — Vallate or foliate, without cloaca. Yents 
numerous, confined to the margin, or general on one side of the lamina 
only; naked. 

Both the species T, proltfera and T. Idbyrinthica (which are de- 
scribed at length and illustrated in a plate of nine figures) are in the 
British Museum — the former (which is by &r the largest Calcispouge 
on record) for many years and the latter (only second to it) were in 
Dr. Bowerbank's collection purchased by the Museum. Beferring to 
Professor Haeckel, Mr. Carter considers it '* somewhat laughable that 
the self-constituted author of * The History of Creation ' should have 
omitted a whole family of the Calcispongie." 

The Polarixing Microscope in Mineralogy. — At the session of 4th 
February last of the French Academy of Sciences, a note by M. A. 
Michel Levy was presented by M. Des Cloizeaux, pn the use of the 
polarizing microscope with parallel light for the determination of the 
species of minerals found in thin plates of eruptive rocks, by means of 
the depolarizing axes which the crystallized elements of these minerals 
evince in parallel light between two crossed Nicols. 

The crystallographic orientation of these elements is generally 
indeterminate, and the employment of the polarizing microscope with 
parallel light is alone possible on account of the minuteness of the 
crystals and the extreme tenuity which must be given to the plate to 
render it sufficiently transparent. But these inconveniences are com- 
pensated by the large number of crystals which can be operated upon, 
and by the elongation which certain species assume in a particular 
direction. 

M. Levy proposed to study the variations in the position of the 
depolarizing axes of a given mineral with respect to the different 
sections which were produced parallel to its edge of elongation, by 
finding the angle of each position of the depolarizing axis with that 
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edge, the direction of the same being constant. In fact, the sections 
belonging to this zone may generally be distingoisheid at the first 
glance in a thin plate, and they strike the eye by their characteristic 
elongation and the Imown relation of this elongation to the feunle 
sections. 

M. Levy has determined nnder these conditions the angles of the 
depolarizing axes of pyroxene, diallage, amphibole, epidote, spheney 
and orthoclase, and has determined in tridmic feldspars that some 
specimens belong to oligoclase and some to labradorite. 

The Badiolaria, — To all who are interested in this group may be 
commended the pemsal of Mr. St. G^rge Mivart's paper, which is 
printed in No. 74 of the ^Linnean Society's Jonmal' ^Zoology). 
The paper, though headed *^ Notes touching Becent Besearimes on the 
Badiolairia," is in reality a condensed treatise on the gproup ; and, whilst 
constituting somewhat of an innoyation upon the usual practice of 
learned Societies, will be generally thought to establish a valuable pre- 
cedent, and one that might be very usefully followed with other subjects 
and in other Societies, particularly where, as is the case with the 
Badiolaria, the results of tiioir investigation are for the most part locked 
up in a foreign language. Mr. Mivart thus prefftces the paper : — ^ The 
example which has been set by our President in publi^bing from time 
to time in his successive addresses a digest and rStumS of the most 
recent researches which have been carried on respecting certain of 
the lowest animal groups, has led me to believe that a similar course 
might advantageously be taken with respect te the Badiolaria. Our 
publications abeady afford, through Dr. Allman's recent labours, the 
readiest means of obtaining a knowledge of the most modem investi- 
gations with resx>ect to various groups of Protozoa, and I have myself 
found the memoirs referred to most valuable and usefiil. I hope 
that other Fellows may adopt a similar course, so that our journal 
may become a complete rejpertory of information respecting all the 
lower groups of the animal kingdom. No English publication on 
the Badiolaria exists to my Imowledge, and, although the most 
admirable monograph of Professor Haeckel was at the time (^1862) a 
complete and exhaustive account, yet were it even readily and 
generally accessible, important additions have now been made to our 
knowledge of these animals since its publication. I venture to think 
therefore that an account of these beautiful, and in many respects 
complex organisms, will not be an unwelcome addition to English 
zoological Uterature.** 

The paper commences with a general descriptive account of the 
Badiolaria, followed by observations on their impressionability, loco- 
motion, and nutrition ; reproduction and growth ; zoospores (with and 
without crystals) ; modes of growth ; distiribution ; classification, and 
literature. 

In concluding the descriptive part of his subject, the author says 
that ** to his mind it seems evident that these beautiful symmetrical and 
complex forms cannot be due to the action of natural telecHon, and 
Bexwd selection can of course take no part in forming such organisms 
as these. We seem here to have forced upon our notice the action of 
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a kind of organic olyBtallization, the expression of some as yet 
unknown law of animal organization here acting untrammelled by 
adaptive modifications or by those needs which seem to be so readily 
responded to by the wonderful plasticity of the animal world." 

The mnlticellnlar nature of BadioLariaus, it is pointed out, now 
depends entirely on the normal nature of their yellow cells, and on the 
correctness of the observations as to the centripetal cell-groups of 
Physematium* Neither of these phenomena can be reposed on as 
being certainly of the nature of true cells forming part of the normal 
organization of the fiadiolarians in which, they have been found ; but 
even if they «re so, and if we are compelled therefore to regard 
Badiolarians as multicellular, their multicellularity is of a radically 
difiEerent kind £rom that of any of the Metazoa, and none of their 
parts, whether truly cells or not, have any valid claim to the denomi- 
nation of a tissue. 

In regard to the relations of the Badiolaria to the other Protozoa, 
it is at present a disputed question whether it is the more natural 
arrangement to make on the one hand the Heliozoa, Badiolaria, and 
Thalamophora three distinct and coequal equivalent groups, or on 
the other hand to form two great groups, the one containing, as two 
subdivisions, the Heliozoa and Badiobuia, and the other the marine 
and fresh -water Thalamophora. On the whole, notwithstanding 
undeniable similarities in external form, chemical composition, and 
otherwise, the author is inclined to keep tiie Badiolaria and Heliozoa 
provisionally apart as two equivalent and divergent groups, though 
unquestionably of all the above Protozoa the Heliozoa come nearest to 
the Badiolaria. The distinctions which seem to justify this are : — 

Badiolaria. Heliozoa. 

(1) A porous capsular membrane Absent 

present. 

(2) A gelatinous investment present „ 

(3) Beprodnction by numerous zoo- The muoh fewer separated r^rodue- 

spores, each with a nucleus and tive parts have each two flftgaii*^ 
flageUum, but with no vacuoles. several contractile vacuoles, and a 

nucleus with vacuoles and nucleoli. 

(4) Yellow cells present in almost all. Absent 

(5) Entirely manne. Almost entirely fresh water. 

(6) Pseudopodia often with axis-fibre. 

The author observes, however, that (5) is much weakened by the 
discoyery of the salt-water Heliozoa ; that with regard to (8), thongh 
the differences which exist between the reprodnctiye processes are very 
great, yet greater differences exist between different Heliozoa, while 
the reproductive processes of so few Badiolarians have been examined 
that it would be rash to feel confident that no important divergences 
will be hereafter found amongst them in this respect, and that as to 
the capsule the distinction would be weakened if it should turn out 
that young Badiolarians, which have not yet acquired a capsule, never- 
theless show a differentiation of their sarcode into an inner and an outer 
layer, like the medullary and cortical parts of Heliozoa, and the 
distinction would be broken down if it should be shown that certain 
adult Badiolarians have no capsule at alL 
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In dealing with the dafisification of the group the author snggeats 
considerable modifications upon that of HaeckeL He objects (as un- 
natural) to Haeckel's division of the group into Monozoa or Monocyttaria 
and Polyzoa or Polycjttaria, the aggregation or non-aggregation of 
zooids into colonies being, in his opinion, a comparatiyely nnim- 
portant distinction, especiidly as individual zooids of the compound 
species are found also in a single and separate condition, and he 
suggests the union of Haeckel's fifteen groups into larger aggrega- 
tions, reducing them to seven. These are : — 

YxsiouLATA. — Formed by separatiug from Haeckel's Coluba those 
forms (viz. ThaiassieoUay Thalassolampe, AtdaccMihOf and Phy$emaUum) 
which have a nuclear vesicle — the presence or absence of which the 
author, following Hertwig, considers as of greater importance as a 
claasificatory characW than any characters derived from the skeleton — 
and uniting them with his Aulosphabida and the other genera (HeU^ 
oiphcBra and Diploephcara, part of his Ethmobphabida and the new 
form Myxohrachia)^ which possess that structure. 

CoLLozoA. — Formed of the remaining Collida (HialaagasphcBra 
and Thaiasaoplaneta) and Haeckel's Sphjuozoida and Oollosphjebida 
(which constitute his Folycyttaria). 

PoLTOTSTZNA. — Formed of Haeckel's Aoamthobxbmida and Gtbtida, 
and the rest of his Ethm osfhjebida, associated together as being ecto- 
lithic, non-vesiculate, simple forms, the skeleton of which consists of 
more than detached spicula. 

Flaosllifbba. — ^Formed of the genera Spongoeydia and Spongo-- 
tutericiu (part of Haeckel's Spongubidjs) and EuchiUmay a genus of his 
DisoiDA — the possession of a large flagellum being, the author con- 
siders, a very important and natural character. 

AoANTHOMiETBiDA. — Formed by adding to the similarly named 
group of Haeckel those of his Ommatida (jyorataspis and Haliommati'' 
dum\ whose radii meet together in the centre of .the capsule — ^a very 
special and peculiar condition — and the author regarding as unna- 
tural the separation from Haeckel's Acanthomxtbida of these latter 
forms, which differ only in having tangential outgrowths from their 
radii so disposed as by their mutual junction to form an external 
shelL Haeckel's Deplooonida being also added as a third sub-section 
as presenting the special character of centrally-joined radii, regazd- 
ing its coniod structure as a mere special modification of radial 
structure. 

Entospslsbida. — Comprising the remainder of Haeckel's Omka- 
TiDA and part of his Spongubida (Diciyoplegma, Spongodidyum^ Bhizo^ 
fptora and Spango^hasra^ the latter being an unnatural group, the 
possession of a spongy i^eleton existing in very difSarent fomuk 
Adding also his Oladoooooida and GgbiiODxitdbida as forms possessing 
an intracapsular, more or less spheroidal shell — the latter frt>m its 
exceedingly noteworthy mode of growth — by absorption and rede- 
position^-possibly being entitied to be made a distinct primary group. 

DnKUDA. — Oomprising the group so named by Haeckel (except 
Ewhitonia) with the rest {Spongodiscida and Slylotpongia) of his 
Spongubida and his LrrmBLiDA. 
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The seetioiiB will then stand thus : — 

I. DisoiDA. — Mostly discoidal, sometimes elliptical, rarelj cylin- 
drical or spheroidal. Skeleton in part intracapsular, and consisting 
always of both circmnferential and radial parts, which may be quite 
irregolarly disposed, but which properly form an external, perforated 
shell, with an internal partition or spheroidal mass, forming a series 
of mutually communicating chambers, which are either concentrically 
or spirally arranged. No fiagellum. Growth, multipolar or centri- 
fugaL No nuclear vesicle. 

n. Flagbllifxba. — With a flagellum. No nuclear vesicle. 

IIL Entospharida. — With an intracapsular spheroidal shell; 
not traversed by Tadii. No nuclear vesicle. 

rV. AoANTHOMBTBiD^. — With radial skeleton, the radii of which 
meet in the centre of the capsule, and consisting more or less of 
acanthin. No nuclear vesicle. Yellow cells generally absent 

V. PoLYOTSTiNA. — Simple, ectolithic forms, with more or less 
compact skeletons, often with unipolar growth. No nuclear vesicle. 

YI. GoLLOZOA. — Simple or compound. If single, then with the 
skeleton in the form of circumferential detached specula only. No 
nuclear veside. 

VIL Ybsioulata. — ^With a nuclear vesicle. 

Obliq&e Light for PhoUhmicrography, — In a letter written by Dr. 
Woodward to M. Deby, the Vice-President of the Belgian Micro- 
scopical Society, in September last, he describes the method he makes 
use of when it is necessary in photo-micrography to use very oblique 
light, as in the case of Nobert's test, AmpMpleura peUuddcL^ &a A 
pencil of parallel solar rays (reflected by the heliostat and plane mirror) 
is intercepted by the cell containing the solution of ammonio-sulphate 
of copper and a diaphragm which only aUowd the passage of a circular 
pencil of ^ inch in diameter. The light enters parallel to the optic 
axis of the microscope placed horizontally and on the same level, but 
at a lateral distance (ei£her right or left) of 8 inches. If the light is 
intercepted by a large achromatic prism of a focal length of about 
8 inches, the desired obliquity can be obtained without difficulty. It 
is indispensable that the stage of the microscope should be very thin, 
or otherwise a false stage must be adopted like that supplied by 
Powell and Lealand. The best result is obtained when the rays are 
concentrated to a focus on the object itself. The illumination thus 
obtained is in general sufficient to produce negatives by the wet pro- 
cess up to 2500 diameters with three minutes' exposure.* 

Hie Birth of a Bhizopod, — Professor Leidy has made some observa- 
tions on this subject, which he records in the ^ Proceedings of the 
Academy of Natural Sciences of Philadelphia ' : — 

I have long sought for the mode of multiplication of the test- 
oovered Rhizopods, but thus far with little success. It appears as if 
the different forms with which we meet are always mature, and rarely 
are individuals seen with the ordinary characters which distinguish 
young from adult animals. 

* * Bulletin de la Soci^tc Beige de Microecopie,* vol. iy. p. 61. 
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Becently I obserred a pair of oonjoined indiyidnals of Euglypka 
alveokUa, which in their procedure appeared to coincide with the mode 
of multiplication of Ghlamydophry$ stercarea as described by Oienkowski. 
One of the Euglffphca was one-seventh of a millimetre long (0 * 14 mm. 
long, * 068 mm. in the short diameter), and had fonr long spines 
diverging from the fundus of the test This was replete with the 
contents, including the usual large nucleus; and it presented no 
perceptible intervtJ between the mass of sarcode and the interior 
surface of the test. The sarcode was mingled throughout with 
particles of food, and also included a large Navieida, The food 
was not collected in balls contained in vacuoles, but was diffused 
through the sarcode from the mouth to the fundus of the test, impart- 
ing to it a brownish hue. The globular nucleus measures ^ of a 
millimetre. 

Closely adherent to the mouth of the larger or parent Euglypka 
was the smaller or younger one, little more than half the size of the 
parent (measuring 0*08 mm. long and 0'06 mm. wide). The young 
Euglypka had the fandus somewhat abruptly narrowed and acute, and 
projecting from it the same number of spines as in the parent test. 
The peculiar structure of the test was apparent, but appeared less 
extended or unfolded. The contents filled the test, and consisted of 
clear, colourless, finely granular protoplasm, without any mixture of 
food, and without a nucleus. 

Such was the appearance of the conjoined Euglypkm parent and 
of^ring at the commencement of the observation at 6^ o'clock in the 
morning. 

Closely watching the pair, the young Euglypka was noticed slowly 
to enlarge, and the brownish matter of the parent sarcode gently flowed 
into and became gradually difiused with the previously clear, colourless 
sarcode of the child. The fundus of the latter extended and became 
obtusely rounded, like that of the parent. The large nucleus of this 
disappeared or became so completely obscured as not to be visible. 
For some time there was no further very perceptible change within 
either test. 

An hour from the commencement of the observation the young 
Euglypka had nearly acquired the size, shape, and appearance of the 
parent, and it measured * 112 mm. long and ' 064 mm. broad. Now 
commenced an active circulation, a cyclosis, of the contents of the two 
tests, resulting in a thorough admixture. The sarcode flowed con- 
tinuously from the parent on one side through the mouths into the child, 
and back again on the other side. Both tests were replete with one 
continuous mass of brown granular sarcode without nucleus or con- 
tractile vesicles, but with the Navteula which remained within the 
parent. During the circulation of the sarcode, two of the spines with 
the circular scade at their base became detached from the young 
Euglypka. The circulation ceased. At 7^ o'clock I first observed 
the appearance of a contractile vesicle, 0*016 mm. in diameter, at 
the fundus of both animals. The vesicle collapsed and reappeared in 
two, three, or four, each again successively collapsing. With the 
appearance of the contracting vesicles the contiguous sarcode began 
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to dear np the brownish matter accnmulating in advance of the nsnal 
position of the nnolens when present. 

At this time the jonng Euglypha measured 0* 116 nun. long and 
0*064 mm. broad. 

The saroode of the parent now contracted at the middle, leaving a 
space between it and the test The same change occurred in the child. 
The sarcode of the parent next cleared up in the vicinity of the month, 
then separated from that of the ofiGspring, and retracted a short dis- 
tance within the montL 

At 5 minutes to 8 o'clock the two Euglyphs bent slightly from 
side to side, protruded delicate pseudopods, and in two minutes after- 
wards were completely separated, with Uieir mouths directed downward, 
and their fundi turned towards my eye. 

Half an hour ildter separation a pale nucleus had made its appear- 
ance in both individuals, occupying the usual position, and measuring 
* 028 mm. in diameter. Two or more contractile vesicles disappeared, 
and reappeared around the position of the nucleus. While the parent 
retained the original size, ^e young Euglypha was 0* 12 mm. long by 
0*064 mm. broad. 

From this observation of the mode of multiplication of Euglypha^ 
coupled with that of Oienkowski on the multiplication of CMamy' 
dophrya, it may be inferred that all the test-bearing Bhizopods multiply 
in a similar manner. 

The mode of multiplication of these Bhizopods reminds one of the 
mode of production by division of the Desmios, and in observing the 
process in the Euglypha I was forcibly struck with its resemblance to 
the mode of production of Arthrodeamus odooomis. The production 
of the young Bhizopod would correspond with that of a half cell of a 
Desmid. 

Apparent Discriminaiive Power in ihe Sdeetion of Food by a Helio^ 
zoon. — Professor Leidy also stated to the Academy that he had on 
several occasions observed actions in the Bhizopods apparently in- 
dicating a discriminative power in the selection of food. It was 
certain that they generally swallowed living AlgsB and Animalculie, 
and avoided dead ones. He recently had observed a Heliozoon eject 
an article which appeared to indicate a discriminative power. The 
Heliozoon was AcanihocysUe epinifera. The genus differs from 
Adinophrys in being provided with siliceous rays in addition to the 
ordinary soft rays. The former emanate from minute disks, forming 
as it were a sort of flexible armour to the body of the Acanthocysita, 
While examining an individual, a rapidly moving oval flagellate Infuso- 
rium, as it was supposed to be, came into contact with several of the 
soft rays. The Infrisorium was paralyzed ; it assumed a globular shape 
and became quiescent. It was gradually drawn towards the body of 
tRe Heliozoon, which projected its armour to meet it, but quickly 
withdrew it again, and the Heliozoon was pushed off beyond the 
siliceous rays. The same movements were repeated, and then the 
Infusorium remained outside the siliceous rays. The objects were 
examined from time to time for several hours. The Infusorium was 
no more drawn towards the body of the Heliozoon. After a time it 
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projected a minute bnd, which gradnally extended into a tortaons tsbe, 
proying the supposed Infusorimn to be a zoospore. It was finally 
abandoned by the Heliozoon, apparently as if it had been determined 
not to be its proper food. 

On ike Feeding of Dinamoeba. — These cnrions amoeboid animals 
take their food at what may be considered the posterior part of the 
body, and one instance, observed by Professor Leidy, appefffed to him 
to be particularly interesting, and was related as follows : — Seeing a 
specimen of Dinamceba with its left side in contact with a filament 
of the Alga Bambtuina BrebiBSonii, he was led to watch it. On closer 
examination it proved that the Alga entered to the left of the tail, 
and extended through the body, causing a slight bulge of the ectosarc 
by its other end to the left of the head. The Dinamceba became 
slightly elongated, and the Alga sunk more inwardly from behind. 
The former moved with an inclination to the right, causing the Alga 
to assume an oblique position from left to right. The anterior end 
of the Alga suddenly protruded from the body of the animal, so that 
this appeared to be pierced by it. In this condition the Alga entered 
the Dinamceba to the left of the tail and protruded at the right of the 
head. Gradually the Alga was made to assume a transverse position. 
The right extremity of l^e Alga now became depressed and the left 
elevated, so that the Alga assumed nearly its original position, in 
which it appeared to perforate the left border of the animal obliquely 
from the tail end. It gradually acquired a central position, pene- 
trating the animal from tail to head. The Dinamceba now elongated 
at both ends a third greater than its former length, extending in a 
fdsiform manner upon the Alga. The animal next doubled upon 
itself, so that both ends of the Alga approached in front and pro- 
truded side by side from the head. One extremity of the Alga then 
sank within ^e Dinamahay and subsequently the other extremity, so 
that the filament about three times the length of the animal became 
coiled up within it. 

The observation of swallowing the Bambtmna was made in the 
afternoon. In the evening, sevend hours after the first observation, 
on looking at the Dinamceba which had been preserved in an animal- 
enla cage, it was observed sitting as it were on a large filament of the 
Alga Didjfmoprium OreviUii, The posterior end of the animal extended 
as a cylindrical expansion along the Alga to a greater length than the 
breadth of the body of the Dinamaba^ and so closely clasped it as to 
contract the gelatinous envelope of ihe Alga to little more than the 
thickness of the green cells. After some time the Alga suddenly 
broke, and the two portions were gradually bent backwards, and made 
slowly to approach so as to become parallel with each other. One of 
the pieces was then drawn within the animal a convenient length, 
broken off and completely swallowed, and this was followed by a 
similar movement of the ^er piece. Shortly after the first rupture 
of the Alga, when the two portions projected at an obtuse angle from 
the back portion of the i>iiMiiiMB^ the animal contracted in length 
and discharged from the right side a mass of bodies which consisted 
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of the separated cells of Bambumiay probably firom the filament it had 
swallowed in the afternoon. 

These observations apparency explained certain facts in the habits 
of the animal. Dinamaiba had been noticed to be especially fond of 
the Alga IXdymcprkmy for it was fonnd to be present as the principal 
element of the food in nnmerons specimens. Banibudna was less 
frequently found among the food contents of the animal. The Alg» 
were equally abundant in the localities of the Dinamaiba^ and from tiie 
obserTations detailed it would appear that the Didymoprium is pre- 
ferred as food from the comparatiye ease with which its filaments are 
broken into pieces of conyenient size for swallowing. 

The obseoryations are, moreoyer, interesting from their indicating 
discrimination and purpose in the moyements of one of the simplest 
forms of animal life. The movements are to be viewed as reflex in 
character, though resembling the yoluntary movements by which 
the most intelligent animal would prepare morsels of food of con- 
yenient form to take into the mouth. In striking contrast were the 
movements, noticed on several occasions, by which an OmUaioria 
obtained entrance into the empty shell of an ArceOci, and there, coiled 
up, crept round and round incessantly. 

On the MeaturemevU of the Dihedral Angles of JUBcroseopie OryHdU, — 
M. Em. Bertrand has communicated the following to the French 
Academy : — 

The goniometer of WoUaston, more or less improved, is the only 
apparatus now employed for the exact measurement of the dihedral 
angles of crystals, and with this instrument in its present condition 
very smaU crystals can be measured. There is, however, a limit beyond 
which it becomes insufficient, and a crystal whose sides are for instance 
only the thirtieth of a millimetre cannot be measured by means of it. 
A method which would allow the dihedral angles of microscopic 
crystals to be measured, presents therefore some interest, for the 
crystals are generally purer the smaller they are. 

For this I have endeavoured to make use of the microscope, but 
the difficulty which was at once presented was the orientation* of 
the crystal to be measured. By means of the procedure eirolained 
below, this orientation becomes useless, and we are able by an mdirect 
process to calculate the angle of the two &ces of a crystal without it 
being necessary to orient it. 

Take a cube and place a crystal in any position on one of the 
fcMses of it. Suppose oner of the fieJoes of the crystal to be prolonged to 
meet the face of the cube on which it is placed, the projection of this 
face of the crystal on the face of the cube will form with two of the 
edges of the cube two plane complementary angles. If we suppose 
this &ce of the crystal prolonged beyond the face of the cube on which 
it is placed, we shall obtain upon two other faces of the cube two 
projections, making respectively, with two edges of the cube, plane com- 
plementary angles, and the direction of the &ce of the crystal will be 

* This word may well be adopted into the English vooabaUury. 
yot. I. R 
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detennined by reference to ihe edges of tbe cube if the tbree plane 

angles are known wbich the tbree projectiops of tbe face of tbe crystal 

make witb tbe tbree edges of tbe cube. Two plane angles even are 

sufficient, for tbo tbird can be calculated from tbe first two by tbe 

simple formula 

tan. a = cot h ooi c ; 

a, 5, e being tbe plane angles wbicb tbe tbree projections of tbe tauce of 
tbe crystal make witb tbree edges of tbe cube meeting at tbe same 
BTmmiit. 

A second face of tbe crystal will be equally determined as regards 
its direction, by tbe tbree angles a, /9, y, tbese tbree angles corre- 
sponding to tbe angles a, &, c, of. tbe first face of tbe crystal, as was said 
above. 

It follows tberefore tbat if tbe tbree angles a, &, e^ are known, or 
two only of tbose angles, and tbe tbree angles a, j9, y, or two only of 
tbose angles, we can calculate tbe dibedral angle of tbe two fiftces of 
tbe crystal by tbe formula 

COS. y sin. (* — 0) ^ ^ ^ . «v 

006. X = SL-_ — ^ Li, cot ^ = tan. y oob. (b + jB), 

Bin. ^ T » X X 

. tan. a . tan. a 
tan. y = 1 tan. x = • 

COB. 6 COB. fi 

If 0? is indeterminate, it can be calculated by tbe formul» 

COB. i (y + «) . Bin. i(b + 0) 



Bin, I X = — '■ — ^ , tan. » = — -7-7 — ; — ( J sin. y sin. *. 

COB. » 006. J (y + *) 

It only remains tben to point out a practical means of measuring 
tbe angles a, b, c, a, )6, y. 

I place in tbe eye-piece of a microscope a cylinder of flint glass 
wboee index of refraction is greater tban tbat of Canada balsam. Tbis 
cylinder (tbe two bases of wbicb are exactly parallel) is divided in 
balves by a plane perpendicular to tbe bases ; tbe two rectangular 
faces are polisbed and fixed togetber again by Canada balsam. Tbis 
cylinder is placed in tbe eye-piece so tbat its upper base is in tbe 
focus of tbe upper lens of tbe eye-piece, tbe two baises being perpen- 
dicular to tbe optic axis of tbe microscope, and tbe median plane of 
tbe cylinder passing tbrougb tbe optic axis and tbrougb tbe zero of tbe 
division of tbe revolving stage. 

Under tbese conditions if tbe microscope receives tbe ligbt in a 
direction parallel to tbe median plane of tbe cylinder, an illuminated 
field will be seen crossed by a line forming a reticle ; but if tbe micro- 
scope receives tbe ligbt obliquely to tbe median plane of tbe cylinder, 
tbe reticle will be seen to divide into two, and if tbe eye is inclined 
to tbe rigbt or tbe left, tbe reticle will be bordered on one side by a 
black band of greater or less breadtb, and on tbe otber side by a 
brigbt band, tbis pbenomenon being produced by tbe total reflexion 
wbicb tbe luminous rays experience in traversing tbe cylinder obliquely 
and meeting the layer of balsam wbose refractive index is less tban tbat 
of tbe flint. 
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Oonsequently, if the reflecting face of the crystal has its projection 
perpendicular to the zero line of the micxoscope, a reticle will be seen 
equally illominated to the right and left ; bat if the crystal is turned 
with Uie stage of the microscope, the reticle immediately becomes 
bordered on one side by a black band and on the other by a bright 
band. By placing the cube on the stage of the microscope, on its 
different faces in succession, it is easy to measure the angles which 
the projections of the faces of the crystal make with the edges of the 
eube, and it is seen that, however small a crystal may be, &e pheno- 
taenon above described will be produced, provided that the crystal is 
able to reflect the light over a space sufficiently large to illuminate 
the centre of the reticle. It is sufficient that the fEtce of the crystal 
should be about two millimetres, but a crystal of a thirtieth of a 
millimetre can be measured with an enlargement of only sixty dia- 
meters. A crystal of y^ of a millimetre would require an enlarge- 
ment of two hundred times. 

In order to allow each face of the crystal to be placed successively 
in the axis of the microscope without changing the relative directions 
of the fieKses of the crystal, the edges of the cube, and the divisions of 
the stage, it is necessary to adapt to the revolving stage another stage 
movable in two rectangular directions by means of two micrometrio 
screws, or, for more precision, to have a micrometric screw for the 
rotating movement. 

To appreciate the degree of precision which this method gives, I 
have measured crystals of less than ^ of .a millimetre, such as the 
cleavages of spar, of blende, and of the microscopic crystals of quartz, 
and the error has never exceeded one degree. 

This error is great, but these first attempts have been made with an 
eye-piece which is still imperfect, and I have not kept to the conditions 
of illumination which are necessary to obtain the best possible effect. 
I am convinced that, with slight modifications, great exactitude can be 
attained. 

I have in view another system of eye-piece, also based on total 
reflexion, which ought to be still more sensitive than the system 
which I have just described, but not having yet experimented upon it, 
I abstain from describing it. The improvements which I have in 
view will, if they answer, form the subject of a further communication.* 

The Microscopic Structure of the StromcUoporidcB, and on Palceozoio 
Fossih mineralized with SUicaies, in iUustration of Eozoon. — Principal 
Dawson communicated a paper on this subject to the Geological 
Society, which was read at the meeting of the 5th June : — The fossils 
included in the group Stromatoporidce occur from the Upper 
Cambrian to the Upper Devonian inclusive, and are especudly 
abundant in the Trenton, the Niagara, and Comiferous formations. 
The author regards Stromatopora as a calcareous, non-spicular body, 
composed of continuous, concentric, porous laminad, thickened wiik 
supplemental deposit, and connected by vertical pillars, most of 
which are solid. The surface shows no true oscula ; but perforations 

* * Coibptefl BendaV vol. Ixxxv. p. 172. 
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made by parasitic animalg haye been mistaken for gncli. From the 
Btractore they oould not have been related either to Sponges or to 
HydradinicB, and still less to Oorals ; they are tmly Forandniferaly 
and may be regarded as the Palsdozoic representatiyes of Eoaoon, 
Stramatopora oocnrs infiltrated with oalcite or siliea, or with its 
stracture wholly or in part replaced by crystalline silica or dolomitew 
The author conolnded his first section with the oharadkers of the 
genera which haye been included in the Stromatoporidte. 

In the second part he noticed a number of facts relating to the 
occurrence of hydrous silicates, of the nature of serpentine and 
loganite, infiltrating Palteozoic fossils and illustrating ike mode of 
occurrence and mineralization of Eozoon, Instances of this kind 
were said to be exceedingly common, showing that such silicatos, 
whether originating as direct deposits from water, or as products of 
the decomposition of other minerals, are efficient agents in the 
infiltration of the pores and cayities of fossils, and haye played this 
part from the earliest geological periods. 

A Micro9copical Study of some Euronicm Clay-slatei. — At the 
meeting of the 19th June, a paper by Dr. Arthur Wichmann was also 
read, of which the following is an abstract : — Although a considerable 
amount of attention has been deyoted during recent years to the 
microscopical study of claynslates and slate-days, yet in none of the 
published researches on this subject has any account of the struc- 
ture of the clay-slates of Archsaan age been giyen. The author has 
availed himself of the extensive series of Huronian clay-slates col- 
lected by Major T. Y. Brooks in the oountryl around Lake Superior to 
supply this deficiency. The succession and relation of the rocks 
described have been frilly treated of in the work of Hermann Oredner 
and the publications of the G^logical Survey of Michigan. 

The chief object of the author is to discuss the origin of the crys- 
talline constituents in clay-slates, and at the outset he describes in 
detail the microscopical character of clay-slate, of novaculite or 
whetstone, and of carbonaceous shales and slates respectively, dwelling 
more especially on the crystallized minerals which can be detected in 
each of these rocks, and tibe nature of the isotropic ground-mass whidi 
sometimes surrounds them. He then points out that three theories 
have been advanced to account for the presence of these crystalline 
constituents in clay-slates. Accordiog to the first of these theories, 
the crystals in question are regarded as the product of chemical action 
in the ocean in which the original mateorial was deposited. The 
second theory attributes the formation of the crystalline minerals 
to processes of metamorphism which have taken place subsequently 
to tiie solidification of the rocks. The third theory refers them to 
aggregative action going on in the still plastic clay-slate mud prior 
to its solidification. The first of these theories has been maintained 
by G. E. Credner, but against it the author adduces numerous 
arguments, and especially points out the difficulty of supposing an 
ocean capable of depositing from its waters at successiye periods 
minerals of such different chemical composition as chlorite, actinolite, 
&c. In opposition to the second theory, "which has received the 
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support orDeleBfle, the author pointB ont the ezistenoe in the rooks 
in question of broken crystals, which haye been reoemented by the 
snnoimding clay-slate sabstanoe. The author is thus led to indine 
towards the third theory, in &yoQr of which some striking foots, 
drawn from the microscopical structure of the rocks, have already 
been adduced by Zirkel. He admits, howeyer, that later metamorphio 
actions are not to be excluded in seeking to account for the origin of 
the crystalline constituents of day-slates, and points out that four 
distinct stages must be considered in the series of changes by which 
the rocks in question have acquired their present character : — let, the 
deposition of the mud ; 2nd, the formation of minerals during the 
plastic state ; 3rd, the separation of materials during solidification ; 
and 4th, the action of metamorphio processes. 

Prepara^ons of Inffuoria, dc — Professors Oohn (of Breslau) and 
Stein (of Prague^ commend a new process, discovered by Herr 
Dnncker of the '* Microscopic Institute " of Berlin, '^ after a series of 
long-continued and laborious researches, for preserving with the 
greatest possible truth to nature even the most delicate aquatic 
microBooplc organisms, including many whose production haTbeen 
hitherto considered an impossibility : ** these include Confervsd, 
DesmidifB, and Diatoms (with the organic parts preserved in their 
integrity), Ehizopods (Amoebsa, &c.), Flagellata (Yolvox, Crypto- 
monads. Astasia), Cilio-Flagellata, Oiliata, Rotifers, Entomostraca 
(Cyclops, and particularly Daphnia, with the utmost possible preserva- 
tion of the solb parts), Tardigradia, and Larv». It is suggested that 
such preparations will facilitate the determination of the microscopic 
fftuna and flora of particular localities. 

The Binocular wUk High Powers. — Suggestions have recently been 
revived in American and English journals that Wenham's ordinary 
binocular prism can be effectively used with the highest powers, 
inasmuch as by special modes of illumination — either by duplicating 
the light or directing it from two positions at a greater angle, as with 
a second mirror, the Paraboloid, or Powell and Lealand's condenser — 
the two fields may be obtained free from any defect of light at the 
outer margin, both with a ^, an |^, or even a -^ object-glass. In regard 
to this, Mr. Wenham writes that " his own opinion of the binocular 
microscope, in any form where the result is obtained from half the 
object-glass, is that in powers higher than one-fifth it ceases to be of 
much utility, as the combined images cannot compensate for the los$ of 
definition in each eye. In the form of prism by means of which the fuU 
aperture is obtained in each eye with equal illumination in both tubes, 
the effect is much superior, and in lengthened observations *with 
either high or low powers it affords great relief to be enabled to 
use both eyes continuously without r^ard to any special mode of 
illumination." 

The Oerm Theory of Disease. — The number of the Linnean So- 
ciety's Journal issued on 23rd May,* contains the concluding portion 
of Dr. Bastian's now familiar experiments with urine and potash, and 

• Vol. xiv., No. 74. 
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indndes his observations on the germ theory of disease. The author 
considers that " by his experiments, in addition to the disproof of a 
false hypothesis, he has unquestionably done one or other of two 
things : either (a) he has proved that living matter may be now 
evolved de novo, or (li) he has succeeded in bringing back to life 
germs which hitherto were so powerless and latent as to have been 
regarded by other experimenters as hopelessly dead. Even the latter 
is no mean result for the physician and the science of medicine, since 
the question of the truth or the reverse of the ' genu theory of disease' 
is thereby almost as powerfully influenced as if the former alternative 
had been established with complete certainty. • • . 

Though it may be conceded that with our present state of know- 
ledge an affirmative decision in regard to the absolute proof of the 
present occurrence of Archebiosis may be still withheld, there is no 
similar warrant for suspense of judgment in regard to the germ 
theory of disease, or, as it is also called, ^e doctrine of contagium yivum. 
Existing evidence is abundantly sufficient for the rejection of this 
doctrine as untrue ; and from the evidence, more or less fully referred 
to in the paper, it seems to him legitimate to conclude : — 

First, that if we are to be guided by the analogy now dwelt upon 
as existing between fermentation and zymosis, it would be perfectly 
certain that the latter process can originate de novo, that is, under the 
influence of certain general or special conditions, and where speciflo 
contagia of any kind are at first absent, though they subsequently 
appear as residts or concomitant products. So that an exclusive 
theory of ' contagion,' as the only present cause of communicable 
diseases, is not supported by experimental evidence. 

Secondly, that some contagia are mere not-living chemical prin- 
ciples, though others may be living units. 

Thirdly, that even in the latter case, if the primary contagious 
action be really due to the living units, and not to the media in which 
they are found, such primary action is probably dependent rather 
upon the chemical changes or ' contact actions' which they are 
capable of setting up, than upon their mere growth and Tegetative 
multiplication. 

Fourthly, that where we have to do with a true living contagium 
(whether pus-corpuscle or ferment organism), the primary changes 
which it incites are probably of a nature to engender (either in the 
fluids or from the tissue-elements of the part) b^es sinfflar to itself, 
so that the infected part speedily swarms therewith. When pus from 
a certain focus of inflammation comes into contact with a healthy 
conjunctiva, and therein excites a contagious form of inflammation, 
no one adopts the absurd notion that all the pus-corpuscles in this 
second inflammatory focus are the lineal descendants of those which 
acted as the contagium ; and the mode of action may be altogether 
similar when the matter containing Bacilli, by coming into contact 
with a wounded surface, gives rise to splenic fever and the appearance 
of such organisms all through the body. The old notion about the 
excessive self-multiplication of the original contagium is probably 
altogether erroneous. Thus all the distinctive positions of those who 
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adTocate a belief in the so-called ' germ theory of disease,' or rely 
upon the exclusiYe dootrine of a 'contagium yivam,' seem to be 
absolutely broken down and refuted. We may giTo that attention to 
the appearance and deyelopment of independent organisms in assooia- 
tion with morbid processes which the importance of their presence 
demands, but we must regard them as concomitant products, and not 
at all, or except to any extremely limited extent, as causes of those 
local and general diseases with which they are inseparably linked." 

Eydroida of the Oidf Stream, — Dr. Allman's Beport on the 
Pourtal^ Collection of Hydroids £rom the Gulf Stream describes a 
▼ery large number of new and interesting forms, and is one of the 
most important contributions to their natural history that has ap- 
peared of late years. It is illustrated by thirty-four plates. 

A Water-lens Microscope. — ^Mr. G. M. Hopkins, in the * Scientific 
American,' describes a microscope which, it is claimed, "renders a 
drop of water available as a microscope lens by confining it in a cell, 
thus obyiating the tremor of the early water microscopes, a defect 
which rendered them almost if not quite worthless." The cell con- 
sists of a brass tube f inch long and \ to ^ inch internal diameter, 
blackened, with a thin piece of glass cemented to the lower end, an4 
having in one side a screw for displacing the water, to render the lens 
more or less convex. Several bushings may be fitted to the upper end 
of the cell to reduce the diameter of the drop, and thus increase ,the 
magnifying power of the lens. 

The Structure and Development of Sponges. — In Siebold and 
Eolliker's ' Zeitschrift f. wiss. Zoologie,' vol. xxx. part 4, is an article 
** On the Structure of Reniera semitulmlosa : a Contribution to the Ana- 
tomy of the Siliceous Sponges," by Dr. E. Keller. Mr. E. Bay Lan- 
kestor, in a ' Biological Note ' contributed by him to * Nature ' of 
July 18, gives the following summary of the article, with additional 
observations of his own : — 

The sponges are at present attracting a very large amount of atten-* 
tion from zoologists and are undergoing investigation in the fresh 
condition, so that their living soft tiasues are subjected to the refined 
methods of modem histology. Professor Franz Eilhard Schulze, of 
Oratz, is foremost in this study, the way in which was led by Ernst 
Haeokel in his monograph of the CalcispongisB. Dr. Keller, of 
Zurich, who has previously published on the development of certain 
calcareous sponges, has now given attention to Heniera semitubutosOf 
O. Schm., a representative of the commoner marine fibrous sponges. 
Schulze, by the use of silver nitrate, discovered a differentiated epitiie- 
lial covering to the body surface, which was previously denied by 
Keller, who now admits Schulze's observation to bo correct, and adds 
a similar observation of his own on Beniera, Keller describes the 
syncytium of Beniera, denies the existence of muscular cells, and 
recognizes certain ^* nutritive wander-cells " in the body-wall of the 
sponge* His observations on '^ starch-containing cells " are of special 
importance. He was led to attach a high functional importance to the 
nutritive wande]^-oells which pass inwards from the flagellate endo- 
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derm-cells, oarrying witii them asBimilated matter neoessary for the 
nutrition of the synoytiimi, which forms a thick wall beyond. His 
oonoeptiooi of their importance was oonfirmed by the disooyery that 
many of them contain starch. Keller has made ui ertensiTe search 
for starch in the cell-elements of sponges, and has fonnd it, or rather 
we should say has obtained the blue reaction with iodine^ in cells from 
the following sponges: — ^1) SponaiOa laeiu^rU^ (2^ Beniera UtordUif 
noY. speo.,(d) JfyonMa/oMtcirfaia, (I) Qwdiagigm^) Teikya ^rncurtiim, 
(6) Suberiiei moasa, (7) Submte$ flavuB. The substance^ whatever it 
may be, which giyes the blue reaction, is not in a granular condition, 
but fluid, and in those cells in which it occurs occupies a lai^ Yaouole 
comparable to a fat-vacuole. Neither ordinary nor absolute alcohol, 
nor cold water, dissolve the contents of this vacuole. Keller could not 
find this starch-like substance in Halisarca nor Ohondrosia, nor in any 
Oalcispongiad. It seems desirable in this connection- to refer to the 
strictly granular condition in which chlorophyll appears in the case 
of Spongilla, the granules having the form of concavo-convex disks. 
In colourless (etiolated) specimens of SpongiUa, the same granules 
are present of a little different form, and as in Neottia and other 
similar plants, these granules turn green (develop into chlorophyll ?) 
on the addition of sferong sulphuric acid (see ' Quarterly Journal of 
Microscopical Science,' 1874, vol. ziv. p. 400, where I have recorded 
these fiicts, and also that of the occurrence of starch in Spongilla, 
though I have not yet been able to find the authority for &e latter 
observation, which was made many years previously to Keller's inves- 
tigation). With regard to the question of the formation of a gastrula 
in sponges, and as to the development of the endoderm of that gastrula 
into the endoderm of the adult sponge, and therefore the continuity of 
the archenterio cavity of the gastrula with the digestive cavity and 
canals of the sponge, Keller has some remarks to offer which do not^ 
in point of fact, amount to very muoh« Like Franz Eilhard Sohulze, 
Kdler fell into a complete error in his earlier publication on the 
development of calcareous sponges. Haeckel, in his monograph, 
stated that the sponge embryo was at first a hollow one-oell-layered 
sac, on the inner wall of which a second cell layer formed, by delami- 
nation, whilst subsequently a mouth' broke through. This was vehe* 
mently denied and ridiculed by Metchnikoff ; it was also denied by 
Oscar Schmidt, and by F. E. Sdiulze, who published a beautiful set of 
drawings showing that after the embryo sponge had acquired some 
thirty or forty cells, one hemispliere of cells became granular and 
enlarged, and then invaginated — sunk into the other hemisphere — 
thus forming a gastrula with endoderm and archenteron by invagina- 
tion. This account was at first accepted as the true one, but it was 
strongly insisted upon by Keller in his former memoir, that the orifice 
of invagination doses up, as in fact the blastopore so usually does 
throughout the animal kuc^om, and that the young sponge is then a 
mouthless closed sac with two layers of cells. It was in this condition 
that Haeckel saw it and described the farther stage in which the true 
mouth breaks through. There is, however, still a great difficulty 
about the development of the gastrula of sponges ; for no one can 
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doabft^ who will examine a oommon oalcaieoiis sponge, or who looks at 
Barrois' yalnable memoir on the snbjeot, that F. £. Sohnlase was — as 
he himself has admitted — so fax misled in his acooont of the deyelop- 
ment of Sffcandra rc^phanui as to transpose two yery important stages 
of the deyelopment. In &ct, the ooneayo-conyex stage of the embryo 
sponge, with one set of cells (endodennio) tacked into the narrower, 
(dearer, longer, oiliate cells, actually pree^ieB that in which the same 
cells form respectiyely a hemisphere of clear ciliate cells and a hemi- 
sphere of large swollen cells, not tucked into the former at all, but so 
arranged that a small central cayity is dosed in by the two gronps* 
How we pass from this stage to the yonng sponge, or eyen to the two^ 
cell-layered sac, is still a complete mystery. One thing, howeyer, is 
obyions. Haeckd could hardly haye been led to the generalization 
known as the gastraaa theory, which, on the whole, is a trnthfnl and 
prodnctiye generalization, by erroneons obseryatian. We must^ there- 
fore, respect his positiye statements of fact. 

The Eyeg of InseeU. — ^In a paper by Mr. B. T. Lowne, on *' The 
Modifications of the Simple and Compomid Eyes of Insects," read 
before the Boyal Society, the author states that in his opinion the 
extent and onryatnre of ike cornea and the size and cnryatnre of the 
&cets afford the most important indications as to the manner in 
which yision is aocomplislMd. In the true compound eye, he thinks 
the stmctnre indicates that J. MuUer^s theory of yision is the most 
probable ; this is also Dr. Grenaoher^s yiew, and it is supported by the 
cnryatnre of the cornea and the size of the corneal fiBM3ets in different 
insects, as well as in different parts of the same eye. 

The semi-compound eye introduces no new difficulty in this theory. 

In order to determine the effect of the long, fine, Mghly refractiye 
threads of the eyes of insects upon the light, he made some experi- 
ments on the jbransmission of light through fine threads of glass. 

He took a capillary tube of glass ^^ of an inch in thickness, 
about Yhf ^^ "^ ^^^ ^ diameter, and an inch in length, placed it 
upright in a small trough under the microscope and examined it with 
an inch objectiye. He found that no light passed through the lumen of 
the tube, but that Ac section of the widl of the tube appeared brightly 
illuminated. He next placed a few fine glass threadEi, drawn from a 
glass rod, in the interior of the tube ; these were as nearly as possible 
the same length as the tube and measured Y^inF ^^ ^^ ^^^ ^ diameter. 
The upper end of each of these rods appeared as a brightly illuminated 
disk in the dark field ; when the focus of the microscope was altered, 
the disk was enlarged, showing that the rays left the rod in a diyergent 
direction ; in some cases when the ends of the rods lay beyond the 
focus of the microscope, the disks of light exhibited grey rings, the 
result of interference. 

When the lower ends of these rods were lenticular, or fused into 
a drop, or drawn into a core, the phenomena were the same, and in all 
eases the action of an oblique pencil, eyen when the obliquity was 
yery slight, was feeble as compured with that of a pencil haying the 
direction of the axis of the rod. 

These results are such as would be predicted on theory ; all the 
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light pasfiing into tlie rod, except yery oblique rays, wonld he totally 
reflected, without any change of phase in the undulations, at the 
tsur&ce of the glass, whilst all except the axial rays would be very 
much enfeebled by numerous reflexions and inteiference from the 
different lengths of the paths of the rays. In his opinion, threads of 
a highly refractiye character immersed in a medium of a less refractive 
index, when less than ^^nr ^^ ^^ ^^^^ ^ diameter, would destroy the 
effect of rays of only very small obliquity by interference. 

In order to determine the effect of the pigment, he covered the 
exterior of some glass rods of 3^ of an inch in diameter with black 
varnish, and then found it impossible to transmit any rays of even 
the slightest obliquity through half an inch of such a rod. 

From these facts he thinks it may be concluded that it is probable 
that the highly refractive structures may be regarded in the light of 
luminous points, which serve as stimuU in exciting the recipient 
protoplasm in which their ends are imbedded. 

The focus of the facet when this is lenticular, in all the insects 
examined, is situated considerably deeper than the outer end of the 
rhabdion and below the surfEuse of the rod cells in the microrhabdio 
eye, so that even for objects as close as -^^ of an inch to the cornea, 
we have to deal with convergent rays, and not with a focal point 
This indicates some mode of nerve stimulation other than the imion 
of homocentric pencils, in a point beneath the compound cornea in 
relation with the recipient elements. Considering ike small size of 
the parts, it is quite possible that we must look to the phenomena 
of interference for the explanation; at least, they must play an 
important part in the phenomenon. 

Whatever may be the manner in which vision is accomplished, the 
size of the corneal facets and the general curvature of the oomes 
render the theory of J. Muller highly probable. It is true that 
ClaparMe has expressed the reverse opinion, but he has done so 
on insufficient data. According to his calculation, a bee should be 
unable to distinguish objects of less than eight inches in diameter at 
a distance of twenty feet from it. This cidculation is based on tiie 
idea that the acuity of vision in this insect is the same in all parts of 
the field of vision, and that the general surface of the common cornea 
is approximately a segment of a sphere. This is not the case, for the 
angles subtended by the adjacent facets in the centre of the cornea, 
which is considerably flattened, is not more than half a degree at the 
most ; so that on J. Miiller^s theory, supposing each facet to give rise 
to only a single luminous impression, the bee should be able to dis- 
tingtush objects of about two inches in diameter at a distance of 
twenty feet, an acuity of vision quite equal to account for all the 
phenomena of vision in bees. 

The curvature of the cornea of a number of insects was measured, 
with a view to determining the angles made by the lines of vision 
drawn from the centre of adjacent facets. This is done in the fol* 
lowing manner : — A magnifled image of the cornea is thrown on a 
sheet of white paper, by means of a microscope and camera lucida, 
and the curve of its profile drawn ; in this way the principal meridians 
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were found. These cnryes approach more or less closely to an 
opicjcloid. 

It is easy with sach carves and the size of the corneal facets to 
determine l^e angles made by adjacent facets. The angles vary 
inyersely as the radius of curvature, and, therefore, the acuity of 
vision varies directly as the radius of curvature when the diameter 
of the facets remains the same, and inversely as the diameter of the 
fetcets when these vary in size. In many insects, as Tabanus, the 
peripheral facets of the cornea are twice or three times the diameter 
of those in the centre, and the radius of curvature is very short at the 
extreme periphery. 

In most insects the acuity of vision determined in this manner 
diminishes very rapidly at the periphery of the field. In the centre 
of the field it enables them to perceive, as distinct, objects which 
subtend one degree. In j^chna grandds the sharpness of vision is 
much greater, as the adjacent facets make an angle of only eight 
minutes with each other. This was the least angle measured in any 
insect ; but there is no doubt, from the nature of the curve forming 
the meridians of the eye in the great dragon-flies, that a small part of 
the centre of the field has a much greater acuity of vision than this ; 
in the wasp the angle subtended by the smallest visual perceptions is 
twice as great as in ^schna ; and in the bee it is half a degree. 

The size of the corneal facets varies in different insects from 
TiAnr ^ T^ ^^ ^^ ^^ ^^ diameter. Their size, except in a few 
insects, is dependent on the size of the insect, the largest insects 
having the largest, and the smallest the smallest corneal facets. From 
this it follows that the vision of large insects is more perfect than 
that of small ones, except where the curvature of the cornea is very 
fiat. This corresponds with the manner in which the insects fiy, the 
small Diptera fiying round in small circles, whilst the larger species 
take long flights when disturbed or in search of food. The experi- 
ments of MiUler and others have shown that the direction and length 
of flight of insects depend largely on their visual powers.* 

• *Ptt)o. Boy. Soc.,' voL xxvii. p. 261. 
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F.L.S. (With 7 woodcuts.)— On Tanks for the Breeding and Maintenance of 
Microscopic Organisms. — How to use the Micrometer. By F. Kitton, Hon. 
F.B.M.S. (With a woodcni)— A €kx)d Mounting Medium (Thompson's Cement) 
Volwix gkbator, — Microscopy in America.^ The Examination of Minute Liying 
Organisms. A Glass-eating Lichen. 
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Natitsi for June 6: — 

Letter from F. A. Bedwell : Hints to Workers with the Mtcrosoope— <The 
Cotton Wool** trap"). 

Note on the ** roly-Microeoope." 

June 18 : — 

Besting Spores. By E. Peroeyal Wright. (An abstract of Dr. Wittrock s 

S^per to the Swedish Academy of Scienoes, ** On the Spore-Formation of the 
esocarpeflD, and eepeoially of the new Qenus Gtonatonema.) 

June 20 :— 

Letter from B. E. Dudgeon : Examination of Small Organisms in Water. 
(The objeotiye enclosed in a metal tube, dosed at one end with thin glass.) 

June 27 :— 

Decoratiye oolonring in Fresh-water Fleas. (Summary of the results of 
Professor Weismann's article on the Daphnoidn in Siebold and Kolliker's * Zeitsoh. 
f. wiss. ZooU) 

July 4 : — 

Beyiew of Herr Erukenberg^s ' Miorography of the Vitreous Basaltic Books of 
the Sandwich Islands.' 

Note on the intended Excursion of the Birmingham Natural History and 
Microscopical Society to Arran. 

July 11 :— 

Letter from Dr. James Edmunds acknowledging Dr. Barker's priority in the 
origination of the Immersion Paraboloid. 

July 18 :— 

Professor Schwann's Jubilee at Li^ge. 

Letter from M. M. Hartog on the Lichen Gonidia Question. 

The Male of Salpa. (A Summary of Professor Salensky's article in ' Zeitsch. 
f. wiss. Zool.*) 

The Structure and Deyelopment of Sponges. (A Summary of Professor 
KeUer's article on Beniera semitubuhsa in * Zeitsdi. f. wis& Zool.') 

A New Camera Lucida (of Dr. J. G. Hofmann). (With a woodcut of the non- 
microscopic form.) 

July 25:— 

The Hydroids of the Gulf Stream. Beyiew of Dr. G. J. Allman*s Beport on the 
Hydroida collected during the Exploration of the Gulf Stream by L. F. de 
Pourtal^ 

Letter from J. Mayall, jun., on the Immersion Paraboloid. 

August 1 : — 

Note on a '* Walking Stick for Naturalists and Tourists " from Dresden (with 
Compass, Pocket Microscope, Thermometer, Sand Glass, Chloroform or Ether bottle. 
Measure, Knife for Aquatic Plants, Spade for Botanists, Hammer for Geologists, 
&c.). 

I^OFTTLAB SOIBKOB BsVIlW for July I — 

Volvox globator. By Alfred W. Bennett, M.A., B.Sc., F.L.S. (With a plate.) 
On the Badiolaria as an Order of the Protozoa. By Surgeon-Major G. C. 
Wallich, M.D., Ac. (With a plate.) ( To be conHnued.) 
Microscopy. — The New Oil-Immersion Object-glass. 

(JuABTBBLY JotTBNAL OF SdENOS for July: — 

Notices of Books. — ^Beyiew of '* Conferences held in connection with the special 
Loan Collection of Scientific Apparatus, 1876," containing Dr. Boyston-Pigott's 
notice of the Microscopic Besearotkes of Dr. Drysdale and Bey. W. H. Dallinger. 

Scientific Notes.— ** The Boss Microscope as remodelled by Mr. Wenham." 
—The Oil-Immersion.— The Journal of the B.M.S. 
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Cbotdon Miobosoofioal Glttb, Sbyenth Bbfobt and Abstract 
OF Pbooebdings :— 

Some Recent Microscopical Researches witU respect to Infectious Disease. 'By 
0. W. Philpot, M.D.— The Crystals of Lime Salts found in Plants. By W. H. 
Beety, F.R.M.S.~The Circulation of Sap in Plants. By A. Carpenter, M.D. 

Proceedings at Seventh Annual Meeting, Abstract of Proceedings for 1876, &c. 

JOTTBNAL OF THB QUBKBTT MiCBOSOOPIOAL GlUB for July 

(No. 37) :— 

On Qlyciphagus palmi/er. By A. D. Michael, F.R.M.8. (With a plate.) 

A few Remarks on Insect Dissection. By T. Charters White, M.R.C.S., 
F.R.M.S., &c 

On some Microscopic Tracings of Lissajous' Curves. By R. G. West. 

On a new Micrometer. By George J. Burch. (With a plate.) 

On a Method of Mounting whole Insects without Pressure for the Binocular 
Microscope. By Staniforth Green. 

On Yariation in SpongUla fluviatilis. By F. G. Waller. (With a plate.) 

Proceedings of Meetings in January-April. 

JOUBNAL OF THB LiNNBAK SOGIBTT (BoTAKT), YoL XYIL, No. 98 

(issned dlst July) : — 

On the Alg» found during the Arctic Expedition. By G. Dickie, M.D., F.LJ9« 
Enumeration of the Fungi collected during the Arctic Expedition, 1875-76. 
By the Rev. M. J. Berkeley, M.A., F.L.S. 

Ambbioan Joitbnal of Miobosooft and Popvlab Sgikiiob for 
June : — 

Abdominal Tumour found in Domestic FowL By R. W. ConviOy M.D. 
(With 6 woodcuts.) 

Istkmia nervosa: A Study of its Modes of Growth and Reproduction 
(condusiony By J. D. Cox. (With 2 woodcuts.) 

A Discussion of Angular Aperture. By R. Hitchcock. A paper read 
before the New York Microscopical Society. (With 4 woodcuts.) 

A New Cover Adjustment for Microscope Objectives. (With a woodcut) 

How Organisms are found in Clefur Water. 

Microscopical Field Days. 

The National Microscopical Congress. 

Corresponderuie.—'H.. "MWU: Microscopic Organisms in the Nia«rara River.— 
Dr. L. CurtiB : High Powers with the Binocular. — F. F. Shaw : Cells for Canada 
Balsam.^ A. Y. Moore : First and Second Class Objectives. — Dr. C. H. Stowell : 
Structure of Blood - corpuscles. — Professor J. Edwards Smith : Choice of 
Objectives. 

Transaciions of New York Microscopical Society (19th April, 3rd and 17th 
May, 7th and 21st June).— State Microscopical Society of Illinois (28th May), 
and San Frandsco Microscopical Society (I6th May). 

Ambbioan Joubnal of Soibnob akd Abts for April: — 

On the Projection of Microscope Photographs. By J. C. Draper, M.D., LL.D.» 
Professor of Natural History in the College of the aty of New York. (With a 
woodcut.) 

On the Influence of Temperature on the Optical Constants of GUas. By 
C. S. Hastings, of the Johns ilopkins University. 

For May : — 

The Coralline or Niagara Limestone of the Appalachian System as repre- 
sented at Nearpass's Clil^ Montague, New Jersey. By Dr. S. T. Barrett, Port 
Jervis, N.Y. 

The Ambbioan Natubalist for May: — 

Hairs and Glandular Hairs of Plants, their Forms and Uses: By Professor 
W.J.Beal. (With 43 woodcuts.) 
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Mkroscopy. — Beport of Heeting of jJie Microeoopioal Section of the Troy 
Scientific Aasociation of 1st April, containing Rev. A. B. Hervey'8 description of 
a ** New Method of Fluid Mounting/' and remarks of Dr. Ward on ** Bullock's 
Kew Self-Oentering Turn-table." 

For June : — 

A Lesson in OomparetiTe Histology. (Histology of the Locust.) By G. S. 
Minot. (With a plate and 8 woodcuts.) 

Microscopy.— A Novel Stand (made for Br. Blaokham by Mr. Tolles). — 
Soir^ of the State Microscopical Society of Illinois on 8th March. — Microscopical 
Society Elections. — Microscopical Congress.— Ernst Gundlach. — Exchanges, 

Proceedings of Troy Scientific Association of 15th April. (Dr. B. H. Ward 
read a paper on Microscopic Buling and Engmving.) 

For July :— 

The smallest Insect known (^Pteraiomus Putnamii), By Hon. J. D. Cox. 
(With a woodcut.) 

Microscopy. — ^Determination of Bocks by the Microscope. (Paper read at San 
Francisco Microscopical Society on 16th May, by M. Atwood.)--01eomargarine. — 
A rare Sale.— Exchanges. 

Bulletin db la BoGrtrt Bjblgs db Miobosoopib, YoL IY., No. 8 
(issued in June) :— 

Note on a Microscope for Mineralogical Besearches. By M. Benard. (With 
a plate.) 

Note on the Preparation of the Diatoms. By M. E. Guinard. 

Preparation of the Polycystiua. By M. Yanden Broeck. 

Beport on Slides presented by M. It. Lawley. 

Beviews of M. J. Fraipont's Besearches on the AcineteB of the Ooast of 
Ostend, M. E. Boze's paper on the Antherozoi'ds of the Oxyptogams, that of 
himself and M. Oomu on two new generic types for the families of the Sapro- 
ligniees and Peronospor» (from ' Aimales des So. Nat.'), one by M. Boze on the 
MyxomycetiB and their place in the system (from the * Bulletin de la Soci^t^ 
botanique de France'), and of Dr. Van Heurck*s translation of Professor 
Hamilton Smith's Synopsis of the Diatomaceo. 

Proceedings of the Meeting of 81st May. 

No, 9 (issued in July) : — 

Note on the Development and Classification of the Ferns. By M. von 
Kmttschnigt. 

Beport on Preparations presented by Dr. Boeoker. 

Beview of M. J. Fraipont's Besearches on the Acinet» of the Coast of Ostend 
(eont/ntiotibn). 

Proceedings of the Meeting of the STtb June. 

Jottbnal db Mioboobafhib for June: — 

The Bouen School of ^* Conunercial Microscopy." 

The Lymphatic Hearts (continuation). By Professor Banvier. 

Observations on the Termination of the Motor Nerves of the Striated Muscles 
of the Torpedoes and the Bays (continuation). By Professor Ciaocio. 

The Microscopes at the Paris Exhibition. By the Editor (Dr. J. Pelletan). 

On the Gold Method and the Termination of the Nerves in the Non-striated 
Muscles. By Professor Banvier. (From ' Comptes Bendus.') 

Cryptogamic Botany. Syllabus of Professor L. Marchand's Course at the 
Pharmaceutical School of Paris. 

A New Field for the Microscopist (translation of Mr. W. S. Kent's paper in 
* Popular Science Beview ' for April). 

On the Measurement of the Dihedral Angles of Microscopic Crystals. By E. 
Bertraud. (From * Comptes Bendus.') 

Mr. Bolton's Living Specimens for the Microscope. By tho Editor. 
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New Model of Mioroeoope by Mr. B. B. Tolles, of Boston. By O. E. 
Blafikham. 

Pnmphrey's AntogiBphic Pzeae. 

The *' Transporter " of Profeesor Mcnnier. 

Corresponienoe, — T. Bolton. 

For Jnly : — 

The Lymphatio Hearts (con^thucUibn). By ProfeBsor Ranvter. 

Obeeryations on the Termmaiion of the Motor Nerves of the Striated Mnscles 
of the Torpedoes and the Bays (oonttmiotion). By Professor CHaocio. 

Preliminary Note on the Deyelopment of the Blood and the Vessels. By Dib. 
y. Brigidi and Al. Tafani. 

Microscopy at the Uniyersal Exhibition of Paris. By the Editor (Dr. J. 
Pelletan). 

Note on the Application of Piorooarminate of Ammonia to the Anatomical 
Study of the £Eelminthia. By Dr. G. Daohamp. 

Oirptcwamic Botany. Syllabos of Professor L. Marchand's Oonrse at the 
School of Pharmacy of Paris. 

On the **Giim Disease'* of the Lemon Trees (IVuiqMrnim XitaofM> By 
C. Briosi. 

Abstract of Dr. A. Gnilland's Besearches on the Comparative Anatomy and 
Development of the Tissoes of the Stem in the Monocotyledons. By. E. 
DnbremL 

The Application of the Microscope to the Study of Mineralogy. By Em. 
Bertrand. 

A New Field for the Miorosoopist (ooniinuatbn of the translation of Mr. 
Kent's paper). (With a plate.) 

&c ao. &0. 

Annalxb DX8 SoDnroiB NATtJBKUjES (Zooloot), Bixih Series, 
VoL VII., No. 1 (isBiied in March) : — 

Besearches on the Optic Bod in the Gmstacea and the Woims (joomikMiaHon), 
By M. J. Ohatin. (With 8 plates.) 

Observations on Notommata WemsckU^ and on its Parasitism in the Tubes of 
the VaucherioB. By M. BalbianL (With a plate.) 

Annalib DX8 ScixNOBS Natueellss (Botant), Sixth Series^ 
Vol. y. Nob. 4 and 6 (issned in June) : — 

On the Ovnle. By M. E. Wanning. (With 7 plates.) 
The Ganses of the Abnormal Forms of the Plants which grow in the dark. 
By N. W. P. Banwenhoffi (With 2 plates.) 

SiBBOLD AND EoLLIKKB'b ZkiTBOHRIVT VUB WlBSBNBOHAFrLlOmi 

ZooLOGiB, Vol. XXX., Sapplement, 8id part (isBued 2dth May) :— 

On the First Embiyonal Development in Tendra Mosteriooh. By W. Eepiaohoff. 
(With a plate.) 

Contnbations to the Knowledge of the Protoooa. By A. Schneider. (With 
a plate.) 

On the Forms and Signification of the Oiganio Masde-cells. By W. 
FlemmiDg. (With a plate.) 

Obsemtiona on the Anatomy of . Limwidia MermamU (Brongn.). By Fr. 
Spangenbniv. 

On the Stmctnral Gontinnity of the Brain in the diAanint Orders of Inaeets. 
By J. H. L. FlogoL (With 2 platea) 
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I.— Q» ttie FossSs ealled ^' Granieones"; being a GontrtbtUion to 
' the Histology of the Exo-skeleton in ** Beptilia'' 

By Professor Owen, C.B., F.E.S., F.RM.S., &c. 

(Bead hefore the Boyal Mioroscx)pical Society, October 9, 1878.) 

Plates XII. and XIII. 

4 

The British Mnseum . lately acquired, by pnrchase, the collection 
of fossils made by Samnel H. Beckles, Esq., F.E.S, F.G.S., in the 
" Feather-Bed Stratum,'' Middle Purbecks, Dorsetshire. 

The mammalian remains had previously been submitted to me 
by their discoverer for determination and description, and they 
form the subject of the preliminary chapter of my work on ' Marsu- 
pial Fossils.' * 

In working out the residuary slabs and pieces of matrix from 
the above-named formation, some interesting additional evidences 
of the Beptilia of the i>eriod; were brought to light, and among 
them the bodies figured in Plate XII., Figs. 1~5, natural size, to 

EXPLANATION OF THE PLATES. 

Plate XII. 

Figs. 1-3. — Granicones of the larger size. 

Fio. 4. — A granioone showing an oblique base. . 

^ 5. — „ with a beaded border at the base, the apex broken off. 

^ 6. — Transverse section of a granioone; nat. size in outline, and magnified 
2 diameters. 

„ 7. — ^The portion indicated by the circular line in Fig. 6 ; magnified about 
8 diameters.' 

„ 8. — ^Portion of jaw and teeth in sitUf Nuthetes destructor ; nat. size. 

„ 9. — Detached teeth of the same species ; nat. size. 

„ lO; — Portion of section of a granioone ; magnified abont 383 diameters. 

Plate Xm. 

Fio. 1. — Outline of a scute of TheriQSwthus pusUlw ; nat. size. 
„ 2. — ^T^ro scutes of -do. ; magnified 2 diameters. 
„ 3. — ^A section of scute ; magnified about 38 diameters. 
„ 4. — ^A section of scute ; magnified about 333 diameters. 



* * Researches on the Fossil Remains of the Extinct Mammals of Australia, 
with a Notice of the Extinct Marsupials of England/ 4to, 1877, vol. i. pp. 21-104. 

VOL. L 8 



234 TrcmsoLctions of ths Boycd Mi(yro9copi^ 

which, provisionally and for the purpose of registration, I assigned 
the name '^ granicone," snggested by their shape and surface. 

All were conical, with a comparatively smooth base (Fig. 4, h) ; 
the rest of the outer surface was of a denser and smoother texture, 
but beset with granules of about a millimetre in diameter, more or 
less. The largest of these "granicones" are the subjects of 
Figs. 1, 2, and 3 ; the smallest were rather more than half that 
size. The variations of shape were in the degrees of obliquity of 
the base, the extreme of deviation from a right angle to the cone's 
axis being shown in Fig. 4. The margin of the base was formed, 
in some, by a single series of granules, like a circle of beads, as in 
Fig. 5, from which the apex of the cone was broken away. 

Conceiving these bodies to be dermal bones or appendages, their 
conical shape suggested first a comparison with those of certain 
ra^ and sharks, but the osteo-dentine and ganoine shown in 
microscopical sections, and the disposition of ^q canalicuU* rami- 
fying from the central cavity, at once distinguish the stractuie 
of s^ch piscine dermal cones i^d spines from tbit shown in similar 
sections of the granicones. 

I may add abo, that the geological depoBit containing these 
fossils is a fresh-water one, and that no evidence of Sturiontdse 
or other fishes with ganoid plates, habitually or temporarily fre- 
quenting rivers or lakes, has been met with in the portions of 
matrix showing the fossil bodies in question. 

Bones and teeth of various Beptilia are, however, abundant. 
They have afforded materials for a monograph on certain new and 
small forms of Orocodilia; but the associated osseous scutes, or 
dermal bones referable to this order of ReptUia ard unmistakable. 
On the hypothesis of the '' granicones " being similar parts of some 
member of the same cold-blooded air-breathing class, there were 
several extinct genera of Lcusertilia, represented by associated 
fossil bones and teeth, to one of which^ it seemed probable, the 
bodies in question might have belonged. 

I may remark that in certain Dinosaurs {Hylmosaurus^ Scdido- 
sauruSf e. g.), some of the dermal scutes with flat or with oblique 
bases, of attachment, rise thence in a pyramidal form. But these 
much exceed in size the largest of the *' granicones.'* There was 
no trace, moreover, of any species of either of the above extinct 
Wealden or Liassic genera in the Becklesian Collection. 

The associated Lacertian fossils which, by their number and 

* " Tabes de dentine " of Prof. Hannover, who, in his excellent memoir • Sur k 
Stmcture et le Developpement des fiouilles et des fipines chez les PoisBons cartila- 
nneuz,' thus describes their course in the dermal soGtles along the mid-line of the 
back of the sting-rey ( Trygm) : — ** Du rdsean sortent les tubes do dentine, qui 
rayonnent de tons les ootds dans la partie libre et pyramidale do I'^caille," p. 3. 
Bee also Quekett, * Histological Catalogue, Mus. Coll. of Surgeons,' 4to, vol. ii. 
1855, pp. 86, 87. 
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mze, best agreed with the granicones, on the hypothesis of these 
being "dermal bones" of such, were the teeth (Figs. 9 and 10), 
and bones (Fig. 8) of the extinct species which I have called 
Nuthetes destructor. * 

Amongst the existing forms of Lizards the dermal armour of 
the Australian species Moloch horridus is that which most resembles 
the bodies in question, except that the surface of the cone is 
smooth and corneous, the hard, homy cone being hollow, and 
sheathed upon a conical process of dense dermal tissue. I have 
not detected a trace of ossification in this tissue of the existing 
lizard. 

The resemblance, however, of its texture, as exposed by thin 
slices, with a section of the bony body of a " granicone,'' such as is 
shown under a moderately magnified power in Fig. 7, Plate XII., 
was suggestively close. ^Decussating bands of fibrous tissue, closely 
anatted, in the body of the dermal cone of Moloch, wanted only the 
addition of osseous matter to repeat the texture shown in Fig. 7. 

I have already referred to the characteristic microscopical 
structures of the conical scutes and spines of the Thornback-rays, 
Trygons, and other Plaooids of Agassiz. In Quekett's excellent and 
useful work t the osseous tissue of the endo-skeleton only of the 
class BeptUia is described and illustrated. The scutes, spines, and 
scales of the LacertUia, indeed, so far as I have yet observed, with 
the exception of the long spines supporting the crest of the 
Basilisk, are homy, and supported by dense though unossified 
coriimi. But in the existing GrocodUia, especially in the dorsal 
region, the larger scutes have an osseous basis, coated by a thin 
homy or epithelial layer. 

The application of the histological characters of the fossH 
dermal scutes associated in the same slab of matrix with the bones 
and teeth of &e small Purbeck Crocodile {ThertOBtiohiispusillus, Ow.) 
induced me to resume a lon^-abandoned line of research, and to 
submit the results to the Society, in the establishment of which I 
had the pleasure to co-operate at a period when a great proportion 
of my anatomical researcnes was aided by the microscope. 

in Plate XIII. a doraal scute of the Crocodile in question is out- 
lined of the natural size in Fig. 1, and the mode of overlapping is 
indicated by the dotted line in a contiguous scute, twice the natural 
size, in Fig. 2. The scutes in the present extinct genus have the 
same peg-and-groove joints as in the larger Purbeck genus Qonio- 
pholis, but the dentition of this crocodile is generically distinct from ^ 
that of the diminutive Theriosuchus. 

* * Monograph on the Fossil Laoertian Reptiles of the Purbeck Limestones,' 
in the volume of the Palieontographical Society, issued 1860, 4to, p. 81 ; and 
* Quarterly Journal of the Geological Society/ 1854, p. 120. 

t Op. cit,, pp. 108-134, plutes viii. and ix. 

S 2 
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The section of the scute (Fig. 3) exposes the large and irre- 
'gular sinnses £rom which the Haversian canals are continned, and 
the numerous hone-cells or '^ lacnnae." The stmctnre of the latter, 
as seen in transverse sections, is shown by the higher magnifying 
power, ^^, in Fig. 4. They are notable for the great nnmber of 
their canalicnh, and their correspondence with those of the osseous 
tissue of the femnr of the Crocodile* is close. The dermal bone is 
chiefly distinguished by the greater proportion of the unossified 
part, indicated by the wider sinuses wnich are filled in the fossil 
by the opaque matrix. 

A section of a granicone (Plate XII., Fig. 10) showing some 
of the '^lacunsB** in transverse section; others longitudinally 
divided, differs from the crocodilian scute in the fewer sinuses 
and more numerous Haversian canals, the direction of which is 
followed by the long diameters of the lacunae. 

The section of the osseous tissue of the femur of a Monitor 
Lizard, figured by Quekett (plate ix., fig. 30), shows the same 
diversity of the " lay " of the lacunae, some being divided trans- 
versely, others obliquely or longitudinally, as in the section of the 
granicone herevrith submitted to the Society, and part of which is 
figured in Plate XIL, Fig 10. 

In both dimensions, in size, shape, and number of canaliculi, the 
lacunsB of the granicone most nearly resemble those of the Lacer- 
tians, as deecru>ed and figured in Quekett's 'Histological Cata- 
logue' (vol. ii. p. 122, plate ix., figs. 17, 30, 32). I there- 
fore conclude that the granicones are dermal scnt^ that they 
are Lacertian, and, as £eu: as contiguity and association indicate, have 
formed part of the external armour of the large extinct Purbeck 
Lacertian, Nuthetes destructor. 

If my determination prove correct, this species must have 

S resented the same formioable and singular character of dermal 
efence as does the recent Australian lizard already alluded to, 
and which has thence received the name of Moloch horridus. The 
chief distinction is the ossification of the horn-like scutes in the 
old secondary genus, whereby they have come down to us in the 
fossil state. 

It is not without interest to note that the mammalian fossils 
associated and contemporaneous vnth the NtUhetes are marsupial, 
and that wherever a Detmily or generic relationship can be deter- 
mined between them and still existing or recently extinct species, 
'such species, like Moloch horridusy are Australian. 

• Quekett, op. cit., pi. ix. fig. 7. 
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11. — On some New Oenera and Species of DiatamacesB. 

By M. P. Ebtit. Translated by F. Kitton, Hon. F.R.M.S., by the 

kind permission of the Author. 

(Taken aa read htfore the Boyal Micboscopioal Sooiett, June 6, 1878.) 

PlaTEB XIV. AHD XV. 

In the 'Fond de la Mer' M. P. Petit has given a list of Dia- 
tomaces^ collected by the expedition sent by the French Goyem- 
ment to Campbell Island,* m the year 1874, for the pnrpose of 
observing the transit of Venus. Dr. Filhol, one of the gentlemen 
appointed by the Government, after leaving the expedition, travelled 
alone in New Zealand, and the forms obtcuned by him are also in- 
cluded in M. Petit's list. 



DESCKIPTION OF THE PLA.TE8. 
Plat* XIV. 
Fio. 1. — Cooooneis notata (P. Petit), n. ap. 






2. — „ austratis (P. Petit), n. sp.; a, frtuftule; 6, iDferior valve; 
c, superior do. 

8. — Cooconeis Wrightn ((yiA,), new form, 

4.— „ Crux(EhT.). 

5. — CampyloMia Orevillii (Grnn.) ; a, frustule ; 6, one of the plates of the 
inferior valve ; c, second plate of do. ; d, superior valve. 

6. — Rhaphcneia fasciohta (Greg.), n. var. 

7. — ffycUodUcus maximus (P. Petit), n. sp, x 200 diameters ; a, valve ; 6, f. v. 
of do. 

8. — Amphora criatata (P. Petit), n. «p. 
„ 9. — „ aspera (P. Petit), n. ap. 
„ 10.— Epithemia (f) momlifera (P. Petit), n. ap. 
„ 11.— Navicula decuaaataf (Ehr.), (Eg.). 
„ 12.— „ £hombua (P. Petit), n. ap. 
„ 13. — f, Hewnedyi (Wm. Sm.), n. var. 
„ 14.-— „ Sinithii (Breb.), /3 minor (P. Petit). 
„ 15. — „ biaeriata (P. Petit), n. sp. 

Platb XV. 

„ 16. — Stauroneia nAuata (P. Petit), n. ap. ; a, valve ; 6, frustule. 
„ 17. — AmpfUprora rugoaa (P. Petit), n. ap. 
„ 19.—8unrella FaMii (P. Petit), n. sp. 

„ 19 Trachyaphema auatralia (P. Petit), n. gen. and ap. 

„ 20. — Orammatophara marina (Kg.), ». var. 

„ 21. — „ longiaaima (P. Petit), n. ap. 

„ 22. — SluAdonema hamultfertun (Kitton^ n. ap. 

„ 28.— iVoricuto Campbeliii (P. Petit), ». sp. 

„ 24. — „ qwamerensia (Grun.), var. dilatata (P. Petit). 

„ 25.— wiWisctw atelliger (P. Petit), n. ap. 

All the figures, excepting Fig. 7, are x 600 diameters. 



♦ Campbell Island is in the South Pacific; lat. 52<' 83' S., long, lGd° 8' B. 
(London). It is of volcanic origin, 86 miles ia circumference, and 1500 feet 
above the sea-level. 
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GOOOOKEIS. 

1. C. notata (P. Petit). Valves ovate, median line sigmoid, 
central nodnle dilated into a smooth band (peeudo-staoros) reaching 
the margin and terminated at one margin by a circular hyaline 
enlargement. StrisB transverse, very close, snbradiant, and finely 
punctate, reaching median line. Length 26 fi 4, breadth 13 fi 6.* 

LyeU'sBay. PL XIV., Fie. 1. 

2. C. aiMtralis (P. Petit). Valves dissimilar, small sub- 
orbicular, the inferior (Fig. 2b) having a sigmoid line. Strise 
longitudinal, close. The superior valve (Fig. 2c) smooth, but fur- 
nished with short distant marginal costse (closely resembling the 
canaliculi of the SurirellfiB). Length 26 /t 4, breadth 24 /i 2. 

Lyell'sBay. PI. XIV., Fig. 2. 

3. Baphoneis fasciolata, var. australis (P. Petit). This form 
shows characters differing from the type. The rows of granules 
increase in length as they approach the centre, producing a very 
marked contraction in the smooth space occupying the centre of the 
valve. This variety is very variable in shape and size, its length 
varying between 28 fi 6 and 55 /x. 

Lyell's Bay, where it is very abundant, but it does not occur 
in other localities. PL XIV., Fig. 6. 

Hyalodisous, Ehr. 

(Cleve emend. : Diatoms from the Arctic Sea, p. 4.) 

Note on the Oenus. — ^M. Cleve has already verified the affinities 
of all the discoid species ydth a central fracture or umbilicus. 
These he has correctly united in a single genus Hyalodiacus of 
Ehrenberg. We have moreover remarked, that in all the species 
placed in Podoeira the zone is curved in an opposite direction to 
that which exists in P. MofhUignei. In examinmg H. hormoides 
(P; hormoides, Etz.) living, we have seen that tiie endochrome 
has nothing in common with that of the true PodosiraB ; it is 
granular, as it is in the Melosiraa to which it belongs. The endo- 
chrome in H. hormoides forms a single plasmatic layer with four 
lobes, and always resembling in disposition the endochrome of 
Achnanthidium ; it is only in contact vnth one side. These 
characters clearly indicate that H. hormoides ought to be classed 
with the AchnanthesB if we follow the system of classification pro- 
posed in our list of diatoms,t and it is probable other species of the 
genus exhibit the same peculiarities if we had the opportunity of 
studying them. 

4. H. maximus \ (P. Petit). Valves discoid, very large, central 

* 1 M = '0001 of a metre, -001 of an English inch = 25/i 339. 
t See * M. M. J./ vol. xviii. p. 10. 

X Eulenstein has preyiously published a spocies which he has named maximus. 
See Uabiisbaw's *• Catalogue of me Diatomaoen.* 
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umbilicTifl OGcnpying one-third of the entire diameter ; the valyes 
appear striated nnder a low power, but when more highly magni- 
fied the pnncta are seen to have a qnincuncial arrangement ; a ring 
of crossed striro surrounds the margin ; zone narrow and curved. 
Diameter 70 /^ 4 to 130 fi, umbilicus about 25 fi to 50 fi, 

Campbell Island. PL XIV., Fig. 7. 

This species is very variable in size ; the umbilicus is dark in 
colour ; with a low magnification the strisB appear radiant, but under 
high -power objectives the puncta are found to be arranged in 
quincunxes. This arrangement, and the absence of dark robust 
striaB starting from the umbilicus, distinguish this species firom 
H. radiatus (Pyxidicula radicUa, O'Meara*). 

[M. Petit IS correct in placing Podosira harmaides and P. maeu' 
lata in the genus Hyaloiiscus. Herr Gleve and M. Petit are, 
however, incorrect in making a distinct species of H, maotdatue 
(P. mactdata, Wm. Smith) ; it is identical with H. steUiger, Bailey, 
of which I have seen authentic examples (and perhaps with Cra^ 
pedodiecue steUaf Ehr.). Professor H. L. Smith also confirms 

this.t 

It appears venr doubtful to me whether H. evbtilis of Bailey is 
the same as H. Franhlinii : his figure t represents a form with a 
small umbiUcus and two sets of curvilinear striaa intersecting each 
other like the engine-turning on the back of a watch. 

H. FrcunMinii (probably the same as H. ealifornievs) has very 
fine radiating striae, certaiiuy invisible with the objectives used by 
Bailey twen^ years ago. 

H» subtilis is a much smaller form than the preceding : my 
specimens (from the English Channel and the Sandwich Islands) 
do not exceed in size the smallest valves of H, FranJdinii, and the 
diameter of the umbilicus is not more than one-half the diameter 
of that in H. FranJdinii. 

Discopiea umUlicatay Ehr., is perhaps the same as JZ hor- 
moides. M. Petit refers CosetThoaisctts ptmctuUxtus^ C^eg., to 
K stellig&r. With this I do not concur ; Gregory would, I imagine, 
have been well acquainted with Podosira maemata of the ^ Synopsis' ; 
moreover, his figures and description § do not agree with H, 

steUiffer. 

In one of the * Tuscarora ' soundings I have occasionally seen a 
disk only differing from ActinocycUis interpundatus (Brightwell) in 
having a very small umbilicus. It also occurs in a gathering from 
the idand of St. Paul, a slide of which was kindly sent me by 
M. Petit. 

♦ * Jonr. of Linn. Soc.,' vol. xv., ** Diatom. Kerguel.," p. 56, pi. L fig. 9. 

t * American Journal of Microscopy,' vol. ii. p. 149. 

t • Smithsonian Contributions,* vii, p. 10, f. 12, 1853. 

§ * T. M. 8./ vol. V. pi. i. fig. 48 ; * Clyde Diatoms,' p. 28, pi. ii. fig. 46. 
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K Isevis, Ehr., and H. patagonicus, Ehr^ are only known to 
me through the very imperfect fignres in the * Mikrogeologie/ 

Apparently allied to H. maximvs and Pyxidicula radiaia is 
Weise s Crasmdodiacus radiaius* His fignre represents a disk with 
a large nmbuicus on which a nnmber of distinct granules are con- 
centrically disposed ; the remainder of the disk has very fine radi- 
ating striae ; the diameter of disk ( x 3Q0) according to his figure is 
exactly one inch, diameter of umbilicus i%. If these forms be 
distinct, their specific names must be changed, as they aU un- 
doubtedly belong to one genus.— F. K.J 

Amphora, Ehr. 

5. A. SchnUdtii (P. l^etit). *A. S. Atlas/ pi. xxyiii. fig. 51, 
without name or diagnosis. Valyes cymbiform, slightly turgid at 
the centre of the ventral margin (du cote le moins courhe) ; ex- 
tremities rounded; median line faintly curved. StriaB transverse, 
on the dorsal side (du cote le plus courhe) of the median line short, 
distinct, submarginal, slightly radiant, not reaching the median line 
by a length equal to the diameter of the valve ; striae on ventral 
side very short, close to but not touching the median line, inter- 
rupted opposite the centre by a blank space. Median line sub- 
centraL Length 88 /t, breadth 15 /li 4. 

Foveaux Strait.! 

6. A. cristata (P. Petit). Valves cymbiform, with capitate 
extremities suddenly contracted below the apices ; ventral marfi^m 
abruptly inflated at the centre, median line very close to this 
margin. The dorsal margin has a large crenated ridge, the crena- 
tions of which gradually decrease in breadth as they approach the 
apices. Striae distinct, parallel on the valve radiating on the ridge : 
about 25 in 25 /A. Average length 77 /li, greatest breadth with the 
ridge 19 fi. 

Very abundant in Foveaux Strait PI. XIV., Fig. 8. 
This beautiful species approaches very near to A. sinuata in 
outline, but difiers in the valve being distinctly divided into two 
parts, the valve proper, and the so-called ridge ; it is also larger. 

7. j4. aspera (r. Petit). Valves cymbiform, with extremities 
attenuated, sub-capitate, rounded, and slightly recurved; median 
line for the greater part of its length and the central nodule 
obscured by the ventral margin. Striae punctate, radiant, resembling 
those of Stawroneis aspera, reaching tne median line on the dorsal 
side. Length 57 fi % breadth 13 ^ 2. 

Foveaux Strait. PI. XIV., Fiff. 9. 

This species resembles A, rhonSnca,t but difl*ers in size, and the 
extremities are recurved. 

♦ * Bull. Imp. Acad. St. Petersburg,' vol. vi. p. 311, pi. ii. fig. x. 
t Foveaux Strait, New Zealand ; lat. 46° 40' S., long. 168° 10' £. 
I Kitten, * Schmidt's Atlas,' pi. 40, fig. 39. 
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Epithemia, Breb. 

8. EJ monUifera (P. Petit). Valves arched, covered with 
large moniliform grannies, 2 /^ 2 in diameter, irregnlarly^- disposed, 
often with stont transverse radiant costsB. [The few specimens I 
have seen never had more than three. — ^F. K] Length 72 /li 6 to 
188 fi 4, breadth 15 fi 4. 

Foveanx Strait. PL XIV., Kg. 10. 

This species very much resembles Schmidt's Amphora mo- 
nUifera* which he doubtf ally refers to A, monUifera of Gregory ; t 
bnt as neither median line nor central nodule is present, it mnst 
be placed amon^ the Epithemias. The transverse costaB present on 
some individnsls confmn this view. On the other nand, the 
characters are not well marked, and the connecting zone is indi£h 
tinct, making ns doubt the bivalvular nature of the siUceous 
envelope. We ought, perhaps, to consider this organism as much 
a Polycystin as a diatom. [The resemblance to A, monUifera does 
not seem to me very apparent ; it more nearly approaches Ghninow'« 
Euodia Frauenfddiu — F. K.] 

Navioula, Ehr. 

9. jy^ qusemerenm (Gnin.), var. dUatata, P. Petit This 
variety is distinguished from the type by its larger size and scarcely 
produced apices ; the striae are subradiant and very deUcate ; this 
character, together with the general aspect of the valve, will not 

S)rmit us to consider this form as anytning else than a variety of 
runow's species. Length 33 /i, breadth 37 /i 6. [Query, should 
not these figures be transposed ? — F. K.] Striae, 40 in 25 /t. 
Camnbelllsland. PI. XV., Fig. 24. 

10. V. CampbeUii (P. Petit). Valves lanceolate, with concave 
margins ; extremities cuneiform ; apices rounded ; median line 
straight ; central nodule indistinct, surrounded by a drcxdar blank 
space. Striae distinct, slightly radiant at the centre, parallel towards 
the extremities, reaching median line, excepting at the centre ; no 
longitudinal striae. Length 84 /^ 4, breadth 22 /t ; 18 to 20 striae 
in 25 fi, 

Campbell Island. PI. XV., Fig. 23. 

This species is closely allied by its form to N, constricta, 
Grunow, t Dut dififers from that species in the striae reaching the 
median liiae. 

11. N. hiseriata (P. Petit). Valves lanceolate, extremities 
attenuated, apices rounded, me(uan line not reaching the ends of 
the valve, central and terminal nodules distinct. Striae radiant 
interrupted, absent on one side of the central nodule resembling a 

♦ * Atlas/ pi. 26, fig. 32. 
t « Diatoms of the Clyde.* 
. X * Verh.,' 1860, p. 355, fig. 18. 
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demi-stanroB. Frostnle constricted at the centre, ends troncatey 
connecting zone smooth. Length 55 to 74 fi, breadth 17 fi 6. 

Foyeaux Strait. PL XIV., Pig. 15. 

This is a remarkable form ; in the s. y. it appears to be allied to 
N. Bichardsoniana,* from which it differs by tne terminal nodules 
being placed a little below the apices, and by the blank space on 
one side of the central nodule. [In this respect resembling Pfitzer's 
genus Anomaeoneis. — ^F. K.] 

12. N. rhombus rP. Petit). Valves conspicuously rhomboid, 
apices acuminate ana slightly produced, median line straight, 
nodules very small, striad decussating and very close. Length 
36 fi 6, breadth 24 /x 2 ; about 35 striae in 25 /a. 

Foyeaux Strait. PI. XIV., Fig. 12. 

This little species is remarkable for its rhomboid form and 
crossed striae, which under a high power form lozenges arranged in 
quincunxes. It is very closely allied to the species described and 
ngured by Lewis \ dA N. phcentvia, Ehr. [This is not N. 
placentula, but N, rostdlvm, W. S., * Sy. Brit. Diat.,' voL ii p. 93 
= N. apicidata, Greg., 'Quart. Jour. Mic. Sci.,' vol. iv. p. 4, pL i. 
fig. 13. I have seen authentic specimens of this form ; it is not 
uncommon in fresh-water gatherings from Morven, Aberdeenshire, 
communicated by my friend, the Bev. Gr. Davidson of Logie 
Coldstone.— F. K.] 

Statjbokbis, Ehr. 

13. 8. rohusta (P. Petit). Valves elliptical, suddenly acuminate 
towards the ends; median line straight; central nodule large, 
terminal nodules small and placed a little below the apices ; stauros 
dilated towards the margin, but which it does not reach ; striao 
interrupted by marginal blank spaces ; margin annular, striated ; 
frustule strongly contracted at the centre, and largely rounded at 
the summits; connecting zone smooth. Length 90 to 101 fh 
breadth 28 fi. Striae, 18 m 25 /i. 

Foveaux Strait. PL XV., Fig. 16. 

This species is distinguished from all others by its suddenly 
acuminated apices, the position of the terminal nodules, its annular 
margin, the interruption of the strias, the contraction of the 
frustules at the centre, and their rounded apices. 

[This form undoubtedly belongs to the group of which Nawr 
cula aspera {8. pulchella, W. S.) is the type. The forms have 
no true stauros, but only a median blank space, which is some- 
times dilated, and sometimes circular. — F. E.J 

Amphiproba, Ehr. 

14. A. rugosa (P. Petit). Valves in f. v. narrow, contracted at 
the centre ; apices terminating in curved points ; striaB represented by 

* O'Meam, * Irish Diat.,* p. 339, pi. 32, fig. xxxiii. 
t 'U.S. Diatoms,' part iii. p. 8, pi. ii. fig. 7. 
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ptincta irregnlarly dispoeed, and giving the -valyes a mgose 
appearance. Length 132 /l&. 

CampbeU Island (rare). PI. XV., Fig. 17. 

[This form belongs to my genua Perrya. — F. K] 

SuBiBELLAy Ehr. 

15. S. FUholii (P. Petit). Valves elliptical ; margin contract ; 
extremities largely rounded ; costsD dilated towards the margin, not 
reaching to the centre; each of these has two or three firmly 
punctate striae of the same length as itself. Midway between the 
summits and the centre are two short parallel punctate lines {vers 
le centre se trouvent deux lignes punctures et atrophiees). Length 
108 to 126 /i, breadth 42 to 54/^. 

Foveaux Strait. PL XV., Fig. 18. 

This beautiful species (dedicated to M. le Dr. H. Filhol) is allied 
to 8, arabica, Grun., in Schmidt's ' Atlas,' pi. xx. fig. 5 ; but it does 
not possess the uncontracted second margin of that species; its 
costsB are also more distant. Its place is between S.fastuosa and 
8. arabica. 

Tbaohysphenia,* p. Petit. 

This genus by its cuneiform valves establishes its connection 
between the Fragilarias and Meridion. The frustules, as seen in 
f. v., are quadrangular. The cuneiform valves are covered with 
puncta disposed in vertical and horizontal lines at right angles to 
each other. The costsD of Plagiogramma do not exist hera 

16. T. australis, P. Petit. Characters same as genus. 
Length 35 to 52 ^, breadth 8 to 11 /t. 

LyelFs Bay ; Campbell Island. PL XV., Fig. 19. 

[The valves can scarcely be called cuneiform; they are elliptic- 
lanceolate, and the ends are usually symmetrical. O'Meara refers 
a similar form to the genus Terebraria, of Greville (T. Kergue" 
lensiSy *Linn. Soc. Jour.,' vol. xx. p. 56, pL i. fig. 4). It is 
perhaps identical with Fragilaria pinnatula, Ehr., ' Mik.,' 
pL XXXV. A, xxii. fig. 8. T. atistralis difiers from T. Kerffuelensis 
by its larger granules and the blank spaces at the apices. — F. £.] 

Gramhatophora. 

17. G. hngissima (P. Petit). Frustular view narrow; un- 
dulations of the villi nearly reaching the centre; number of 
undulations 25. Length 114 /i, breadth 8/^8. 

LyeU's Bay (rare). PL XV., Fig. 21. 
This curious species is distinguished from Q. serpentina by the 
narrowness of the valves, and the extremities of the undulation 

♦ Tpaxwy, rough ; and l^p-hv, a wodgc. 
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being straight as in 0. marina. I have been unable to obtain a 
8. v. of the diatom. I^ however^ belieye them to be arcuate. 

Bhabdonema. 

18. K hamuliferum (F. Kitton). Yalves lanceolate, nn- 
dnlate, with transverse ponctate strisB, ends rounded smooth, dia- 
phragms * striate their whole length, haying in their centre a circular 
ring, and towards the extremities two others much smaller and 
elliptical Seen in f. y. the frustules appear composed of a yariable 
number of diaphragms (annuH) placed between the two yalyes, and 
separated the one from the ouier by lines in the form of hooks ; 
each of the diaphragms is striated on the edge. Length 33 to 
78 /i, breadth II to 15 /a. 

On corallines, Lyell's Bay. PL XV., Fig. 22. 

This form is distinguishable from all other species of Bhab- 
donema by the undulations of the margin of the yalyes, and by the 
lines separating the diaphragms being bent in the form of hooks. 
Mr. Edtton recognized it as new, and named it hamuliferum. 

Attusous, Ehr. 

19. A. riettiger (P. Petit). Valyee circular, with four pro- 
cesses, two of which are yer^ small. The yalye is divided into 
three concentric parts, the mnermost has five stellate rays, the 
intermediate portion has the rays irregularly disposed, the external 
circle has a row of puncta on the inner margin corresponding 
with the rays of the intermediate part; in this outer ring are 
situated the four processes, between which are irregular rays. 
Diameter 35 ii 2. 

Campbell Island (rare). PL XV., Fiff. 25. 

This species is distinguished from all other Aulisci, recent or 
fossil, by the peculiarity of the disk and by the presence of the 
interrupted rays. 

The following genera and species of other authors are figured 
by M. Petit :— 

1. Cocc(meis Wrightii (O'Meara), 'Q.M. J.,* yoL yii. n. ser. 
p. 246, pL yii. fig. 6. 

LyeU'sBay. PL XIV., Fig. 3. 

The figure here given represents a very small form, not exceed- 
ing 13 /t to 26 /i 4, but the difference fiom the type form is too 
little to allow of its being considered a variety ; by altering the 
focus of the objective a dilated cruciform nodule may be detected. 

* The BO-oaUed diaphragmB as figured by M. Petit are valves; the diaphngms 
(annuli) in this genus are only striate on the edges. The ^ hooks" represent the 
septa as seen in s. v. 
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2. a Crux (Ehr.), ' Monatsberichten/ p. 265. 
LyeirsBay. PL XIV., Fig. 4. 

3. Campyloneis Orevillii (Wm. Sm.). 

Since the creation of the genns by Herr Gmnow, he has dis- 
coyered that C Orevillii conaifits of two valves; the inferior is 
composed of two superimposed plates of silica, of which no drawing 
has previonsl J been given. Fig. a represents a complete fmstole ; 
Fig. d, the superior valve ; h and o, tne two plates of edlica com- 
posing the inferior valve. 

4. Navicula deeiMsata? Ehr. 'Bericht. Berl. Akad.* p. 864. 
Length 30 to 39 fi, breadth 7 /i 7. 

Lvell'sBay. PI. XIV., Fig. 11. 

This species with crossed striae has not been previonsly figured ; 
I therefore doabtfuUy refer the present form to this species. 
Nevertheless all the characters correspond with those given by 
Ehrenberg. 

5. N, Sennedyi (Wm. Sm.), var. jS canstrieta. 
Foyeanx Strait. PI. XIV., Fig. 13. 

This form has probably not been figured ; it is chiefly remark- 
able on account of its occurrence with a species essentially eUiptical, 
clearly showing that the contraction of the margins is of no value 
as a specific distinction. 

6. N. Smithii (Breb.), var. 13 minor (P. Petit), n. var. 

This variety is distinguished by its broadly rounded ends, and 
its finely punctate striae. Length 83 fi; breadth 19 fju 8, cost® 15 
to 16 in 15 fM. 

Lyell's Bay. PI. XIV., Fig. 14. 

7. GhrammcUaphora marina (Lyng., n. var. (P. Petit). 

This variety differs from the type, by the lines of the diaphragms 
being more bent. 

Foveaux Strait. PI. XV., Fig. 20. 



New Diatomafrom Honduras, By Herr Gbumow. 

* Monthly Microscopical Journal^* October 1, 1877. 

Errata..— Pl. CXCIII., for llabcd, read I0ahcd\ for 10 a 6 c, rend llabc. 
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III. — Further Remarks on a " Simple Device " for the Illumina- 
tion of Balsam-mounted Objects for Examination with 
Immersion Objectives whose Balsam Angle is 90^ or upwards. 
By J. J. Woodward, Surgeon and Brevet Lient.-Col. U.S. 
Army. 

{Read hef<yre the Royal Microscopical Society, October 9, 1878.) 

Since the publication of the original paper in the * Monthly 
Microscopical Journal' for August, 1877 (p. 61), I have been in 
the habit of using a similar prism to that there described, without 
any diaphragm, in the ordinary lamplight illumination of balsam- 
mounted tests for study with objectives of the kind referred to. 
The apparatus is so simple, so easily manipulated, and so effective, 
that a brief description may be of interest. 




A right-angled prism of crown glass (a), the long side of which 
is three-quarters of an inch long by half an inch wide, has its right 
angle truncated as in my " simple device," and cemented to a small 
base-piece of brass (6) which is supported in a stiff steel rod 
(c) three or four inches long, and about the thickness of a knitting 
needle. The whole apparatus ought not to cost more than three or 
four shillings. 

To use it, I slip the steel rod into the holder of the rod of the 
dark well usuallv employed with the Lieberkuhn mirrors. This 
holder fits into the sub-stoge of the microscope, and putting a drop 
of oil of cloves on the upper face of the prism, it is racked up into 
optical contact with the lower surface of the slide. I then condense 
the light of a small coal-oil lamp upon the object, through either face 
of the prism, by a small bulFs-eye lens of about three inches focal 
length. One half of this condensing lens may be covered with 
black paper, in which case it can readily be so placed that no ray 
forming a smaller angle with the optical axis than 45^ can ent^ 
the objective. Excellent results can oe obtained, however, without 
this precaution, if the intention be merelv to resolve a given test, 
without caring to know precisely the angle at which this is done ; 
in this case it is only necessary to place the lamp in such a position 
that a line drawn fn)m its flame to the fiice of the objective shall be 
perpendicular to either short side of the prism, and condense the 
ught in that line. By looking through the other short side of the 
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pnam the observer can readily see when the &ce of the objective is 
best illuminated. 

For the illumination of immersion objectives which do not 
mnch exceed 82^ balsam angle, I sometimes also nse in the same 
way a prism of 98^ angle, and get thns very good results. I have 
sent one of each of these prisms to Mr. Mayall, with the request 
that he will exhibit them to those interested. 

Prisms of various other angles may be used, and illumination 
of any desired obliquity thus secured. It may be laid down as a 
principle that such delicate striae as those of Amphipleura 
pellvAda will be most strikingly separated by any given objective, 
when the most oblique pencil it can admit without distortion of the 
image is used. But, practically, I have found aa yet no objectives 
which bear, without distortion of the image, a much greater angle 
of illumination than can be obtained with the 90° prism, and for 
objectives of lower balsam angle than 90% but greater than 82% 
the 98"^ prism answers quite as well as one of more nicely adjusted 
intermediate angle. Immersion objectives of still lower l)alsam 
angle than 82% which cannot be illuminated even with this prism, 
may be rejected as unworthy serious consideration at the present 
day. 

The two prisms just described will be found, then, to answer 
all practical uses with our present objectives, and I think it will 
probably be cheaper to have two separate prisms than to grind a 
single one, the two short sides of which should be respectively at 
angles of 45^ and 49° with the optical axis, which would of course 
answer the same purpose. 

In this connection, I may remark that the general recognition, 
in the United States, of the great angles obtainable for immersion 
objectives, several years ago suggested the importance of immersion 
condensers to our instrument-makers. Mr. B. B. ToUes wrote in 
1871 to the ' Monthly Microscopical Journal,' * at the close of an 
article on the aperture question, '' Certainly the use of immersion 
condensers is abundantly indicated in the above simple experi- 
ments," and, acting on this indication, he has manufactured a 
variety of plano-convex, nearly hemispherical, lenses, semi- 
cylinders, &c., to be placed, with immersion contact, beneath the 
sHde for this purpose. 

Besides these devices and various experiments with immersion 
objectives placed beneath the stage in heu of the ordinary achro- 
matic conaenser, considerable popularity has been enjoyed in the 
United States by Wenham's reflex illuminator, which its dis- 
tinguished inventor designed to ^ive black-ground illumination for 
objects mounted dry,t but which Mr. Samuel Wells, of Boston, 

♦ Vol. vi p. 36. 

t Same Journal, vol. vii., 1872, p. 236. 
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fonnd, in 1875, gave a bright field when nsed on balsam-mounted 
objects, provided they were examined with immersion objectiyes of 
sumcient angle. Mr. Wells gave an acconnt of this method in the 
* Boston Jonrnal of Chemistry/ * in which he says : — " In examin- 
ing Moller's Probe-PIatte, a balsam mount, under these conditions, 
with light from a kerosene hand-lamp, I easily resolved the 
Amphipleura pdlucida, so clear and decided were the lines that 
with a power of 8000 they were still visible. . . . The resolution 
of this difScult diatom, as well as the Fmstulia Saxonica and 
NUzschia curmda (Nos. 18 and 19 on the Probe-Platte), fiEu: sur- 
passes any that I have ever seen by artificial light, and rivals the 
Beautiful resolution obtained by monochromatic sunlight." The 
paper of Mr. Wells was copiea or abstracted in several of our 
journals, and the method has ever since been in constant use by a 
number of our microscopists. I note that it has just been redis- 
covered by Mr. Adolf Schulze, of Glasgow, t who, although 
apparently unacquainted with the American publication of this 
method, has arrived at results identical with those of Mr. Wells, as, 
indeed, all will do who patiently try it with suitable objectives. 

I do not claim for my own device, figured in this paper, that it 
gives better results than the best that can be obtained in this way, 
or with a suitable hemispherical lens or semi-cylinder, brought into 
immersion contact beneath the balsam-mounted object ; but it is 
not only cheaper than any of the plans hitherto described, but, as 
I think, and as all to whom I have shown it seem to find, it is 
much easier to use so as to get the best results with a fully illumi- 
xiated field. 

In conclusion, I may remark that while it is clearly necessary 
to use immersion condensers to secure the greatest obliquity of 
illumination that can be admitted by the widest-angled modem 
immersion objectives, and while this great obliquity is of sub- 
stantial advantage in the resolution of lined test-objects mounted in 
balsam, it by no means follows that such condensers are necessary 
to the advantageous use of immersion objectives of more than 82^ 
or even of 90° balsam angle, with central light, provided the object 
is mounted in Canada balsam. The minute details of thin sec- 
tions of normal and pathological tissues thus mounted and illu- 
minated, are &r better displayed by such objectives than by those 
of inferior angle ; and this easily observ^ &ct is so folly in accord 
with elementory optical theory that its discussion in this place 
seems quite unnecessary. 

* June, 1875, p. 140. 

t **An Easy and Simple Method of Besolying the Finest-lined Balsamed 
Diatomaoeous TefitB bj transmitted Lamplight, wiui special reference to Amphi' 
plew-a peliuc'doj" * Journal of the Boyal Mic. Soo.,' May, 1878, p. 45. 
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Tremble}f9 ExperimenUs on Turning a Hydra Innde Oui. — Professor 
Th. W. Engelmiuiii, of Utreoht, communicates the following to the 
'Zoologischer Anzeiger ' : — Among Trembley's many remarkable state- 
ments concerning the yital properties of Hydra none has awakened 
more surprise than that the animal after being tamed inside out 
continues to live, and is able to take nourishment, to digest, &e. 
Whilst the statement, if it be correct, would involve ihe upsetting of 
many of the most important and apparently best founded morpho- 
logical and physiological doctrines, yet, on the other hand, Tremblej 
is noted as a most exact and credible observer, and it therefore seemed 
to me well worth while to repeat his experiments even at the risk of 
succeeding no better than honest Bosel, the only one I know of who 
appears to have repeated them carefully. 

I have therefore evezy year since 1878 tried Trembley's experiment, 
in doing which I narrowly followed his directions. An animal of 
suitable size and a hog's bristle of proper size and shape, with a 
pretty steady hand, are all that is wanted. The experiment is by 
no means difficult. The results, however, were without exception 
unfavourable to Trembley's assertion. 

The turned body of the polyp when it did not soon resume its 
normal position always perished within a short time, th« cells, and 
first of all those of the entoderm, swelled very much, gradually 
loosened themselves from their connection, and were found after a 
day or two like a small white doud at the bottom of the glass beneath 
or beside the remainder of the polyp, only the anterior part of the 
body containing the thread cells, and which consequently cannot be 
quite turned, remained alive in many cases, and (after the turned part 
had died and been pushed off) developed a new body from behind, 
sometimes in a slanting direction. Under the microscope this showed 
the ectoderm outside, and inside the entoderm, with their known 
histological structure. In many cases the whole polyp died. 

That the conditions were not unfavourable for the success of the 
experiment, was evident from the fact that under precisely similar 
circumstances extremely small pieces of the tentacles cut off were 
frequently observed to develop into perfect five-armed Polypi, and 
HydrsB, which had been slit longitudinally, to grow together, &c. 

For my first experiment I had taken animals from slow-running 
water. As ^Trembley's polypi were mostly derived from stagnant 
waters, I experimented afterwards with such specimens, but wi& the 
same negative results. There can therefore be no other conclusion 
come to than that this otherwise so careful observer has for once been 
deceived. Certainly if we re-peruse many of his minute descriptions 
we should like to think that we had done him injustice in this 
assumption, otherwise we are driven to the further conclusion that he 
sometimes describes things most minutely of which in reality he has 
seen the least* 

♦ * Zoologiacher Aozeiger,* vol. i p. 77. 
VOL. I. T 
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On the Oold Method, and ihe TerminaUon of the Nerves in ike 
UnstficUed Muscles. — Professor Banvier contributes the following to 
the French Academy : — Among the methods employed in histology 
for studying the final ramifications of the nerves, the gold method is 
the best. It does not, however, give constant results. The old 
methods of Cohnheim, Gerlach, and Henooque give clear and demon- 
strative preparations only by chance. The modification recently 
introduced by Lowit constitutes a real progress, for by following the 
procedure of this histologist we succeed much more frequently than 
by the old process in colouring the nerve fibrillsB, whilst the ele- 
ments which surround them remain uncoloured or scarcely coloured. 
There is, however, a grave objection to this process — the solution of 
formic acid in which the fragment of tissue is placed before sub- 
mitting it to the action of the chloride of gold, notably alters its 
delicate parts. 

I have therefore sought other methods, and after many fruitless 
attempts, I have found the following, which nearly always succeeds, at 
least for some organs : — A cornea, which is an excellent subject for the 
gold method, is taken from an animal (either a mammal, a batrachian, 
or a bird) just killed. It is placed for five nunutes in fresh lemon 
juice, filtered ; then it is put for fifteen to twenty minutes in three 
cubic centimetres of a 1 per cent, solution of chloride of gold, then 
in twenty-five to thirty grammes of distilled water, to which is 
added one dr two drops of ordinary acetic acid. Two or three days 
afterwards, when under the influence of sunlight and the slightly acid 
medium the reduction of the gold has been effected in the cornea, 
preparations are easily obtained, in which the nervous fibrilLe of the 
connective layer and of the anterior epithelium are excellently 
shown. 

Fragments of striated muscles have been ^treated in the same 
manner, or better, after having been subjected to the action of the 
gold, they have been placed for twelve hours, sheltered from the light, 
in a solution of formic acid of 20 per cent., and then prepared by 
teasing. The muscles of the lizards {Lacerta viridis and L. muralis) 
have given me terminal nervous arborisations, such as I have never 
obtained by the process of Lowit. These arborisations, coloured a 
deep violet, are admirably dear, and show themselves under forms 
absolutely comparable to those which I have obtained by proof 
alcohol. 

I now come to the important part of this communication, which 
relates to the termination of the nerves in the unstriated muscles. 
Histologists are not in accord as to the mode in which the nerves 
terminate in this kind of muscles. Some, as Trinchese, Franken- 
hauser, Erause; and H^nocque, while differing on points of detail, 
maintain that the nerve-fibres terminate upon or in the muscular 
elements by free extremities ; the others, Elebs, J. Arnold, L5wit, 
and Gschleidlen, admit that the final fibrillas resulting from the 
division of the motor nerve constitute a network, but they do not 
agree on the form, the position, and the extent of this network. 

By means of the process above described, I believe I have succeeded 
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in determining the mode of nerve termination in the mistriated mnscles. 
In the voluntary nnstriated mnscles of the gasteropod moUnsoa {Helix 
pomaHa\ the motor nerves are divided and subdivided apparently into 
fibrillaa, which are lost at the surface of the muscular cells by expanding 
and forming a terminal arborisation, diminutive and badly defined, to 
which may be given the name of motor plate {tache motrice). In the 
tmstriated and voluntary muscles of the gasteropods there are no anasto- 
moses between the motor nervous fibrillsB ; and henceforth a terminal 
nervous network cannot be admitted in their case. Amongst the 
mammals, batrachians, reptiles, and annelids, on the contrary, have been 
observed, in the organic nnstriated muscles, a very complex nervous 
network, but branches of this network disengage themselves from the 
fibrillflB, mostly very short, which are lost at the surface of the 
muscular cells, there expanding, and forming an arborisation less 
clearly defined and still smaller than in the muscles of the gasteropods. 

From this somewhat sunmiary explanation — sufficient, however, for 
what I wish to present to-day— it results that (1) In the nnstriated 
muscles the nerves terminate, as in the striated muscles, at the surface 
of the muscular elements by an expansion, more or less arborised, of 
the cylinder-axis. (2) The nervous network of the involuntary nn- 
striated muscles is m connection, not with the elementary nervous 
action which sets the muscle in activity, but with a more complex 
action on which depends the functional energy of an organ whose 
activity is derived from the direct action of the nervou^oentres. In 
support of this point I may refer to the fact that the muscular 
coat of the oesophagus of the mammals, which is formed in great 
part of striated bundles, but, which does not contract under the £rect 
influence of the will of the animal, possesses a plexiform nervous 
apparatus, and that an apparatus of the same kind appears on the 
striated musculature of the digestive tube of the anthropods. 

It is scarcely necessary now to point out why the different authors 
who have studied the termination of the nerves in the unstriated 
muscles, in the different organs and in the different animals, have 
debated whether the termination is by free extremities or by networks. 
These networks exist, but in reality they constitute simple plexuses, 
from which the terminal fibrillie disengage themselves. 

Cover Adjustment for Microscope Objectives. — The present mode of 
correction adjustment fulfils its purpose only within narrow limits, 
and beyond these, various secondary faults appear which seriously 
deteriorate the performance of even otherwise most excellent ob- 
jectives. 

The cause of this imperfection lies in the circumstance that the 
change in relative distance of the lenses composing the objective, by 
which the adjustment for cover thickness is at present sought to be 
effected, affects principally the chromatic aberrations, while the optical 
influence of the covering glass preponderatingly disturbs the cor- 
rection of the spherical aberration. For instance, if both aberrations 
of an objective are corrected in the best manner for such rays as are 
reflected from an uncovered object, these rays will, as soon as the 
object is placed under a cover-glass, suffer from a spherical ovei> 

T 2 
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conection corresponding to the thickness of the covering glass, while 
the chromatic aberration is scarcely affected by it. In the adjustment 
for cover thickness at present, however, the relations of the aberra- 
tions are exactly the reverse, for by moving the front lens away from 
the other lenses of the system, ^e object-glass will become more 
chromatically than spherically corrected. An object-glass, therefore, 
which has been properly corrected for medium cover thickness, for 
instance, can by means of this adjustment be adjusted so far only as 
to correct either the spherical aberration absolutely and leave the 
chromatio aberration under-corrected, or in the most favourable case, 
under-correct the chromatic aberration, and over-correct the spherical 
aberration in such a way as to leave both remnants of equal value. 
Besides this, the distortions spherical as well as chromatio are only at 
a minimum when the lenses \re at a certain reUtiye position to Lh 
other ; and as in objectives of high angular aperture ^ese defects can 
anyhow not be quite removed, the extreme position will so increase 
them as to make not only the distortion and colour appearance at the 
margin of the field unpleasantly apparent, but to interfere seriously 
with the definition. 

Furthermore, the changing of the relative distances of the lenses 
composing the object-glass seriously disturbs the focal relation of 

these lenses, causing a change in the mag- 
nifying powers of the magnifying glass 
which interferes seriously with micro- 
metric measurements. 

To obviate all the above-mentioned 
difficulties, Mr. Gundlach haa invented a 
new cover adjustment for objeci-glasses, 
in which he places before the front lens 
of the objective a transparent disk with 
parallel sides, capable of being moved 
by some mechanical means closer to or 
further away from the front lens. The 
general mechanical construction or ar- 
rangement of the objective is shown in 
the accompanying woodcut from the 
Patent Office Beport. In the space inter- 
vening between this disk and the front 
lens he places a transparent fluid of a 
refracting power equal to, or nearly equal to that of glass, affording 
thus, by increasing or diminishing the distance between the parallel 
disk in question and the frt)nt lens, and increasing or diminishing 
thereby the thickness of the layer of refrracting fluid between them, 
a direct compensation for the increased or decreased glass cover of 
the object, and consequently of the aberrations, without disturbing 
the tocal relations of tiie lenses of the object-glass, thus avoiding the 
increased distortions and the disturbance of the magnifying powers 
of the objective consequent upon and inseparable from the disturb- 
ance of the focal relations of the lenses composing the system of the 
object-glass. 
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The advantages of this arrangement are obvions, and summarized 
and recapitulated are as follows : — 1. The adjustment exerts no 
deleterious influence on the corrections of the aberrations, and is 
equally as efficient for any thickness of the covering glass as for un- 
covered objects. 2. The working distance is the same for any cover 
thickness except for immersion objectives ; for this reason objectives 
of very short working distance will with this adjustment admit of even 
the thickest covering glass. 8. The magnifying power is unchanged. 
4. The image is placed but slightly out of focus. 5. The adjustment 
is very sensitive, thereby facilitating the exact rectification. 6. It 
can very easily bo so arranged that tibe graduation on the adjustment 
rim shall indicate exactly the thickness of the cover. 7. Any casual 
and unavoidable defect in the movement of the adjustment has no in- 
fluence on the centering of the objective, as any lateral displacement 
of the parallel disk causes no optical change whatever. The fluid 
between the front lens and the transparent parallel disk is glycerine, 
which has so far answered all expectation in a most satisfactory 
manner. Objectives made seven months ago have been sent long 
distances by rail without impairing their efficiency, and without loss or 
renewal of the glycerine. They might perhaps be used for years 
without the presence of any fluid being suspected. The new adjust- 
ment is applicable as well to immersion as to dry working objectives. 
It deserves to be mentioned, however, that for immersion objectives 
the advantages of equal working distances for every cover-glass thick- 
ness do not exist. It is, however, the reverse of what it is with the 
old adjustment, as the working distance will be the further the thicker 
the covering glass happens to be.* 

The American Micro9copieal Oongrese. — This Congress — it is 
believed the first of its kind — met at Indianapolis, Ind., on the 
14th-17th August last, under the presidency of Dr. B. H. Ward, of 
Troy. The following papers were read :— 

Aug. lith. — ^''On the Limits of Accuracy in Measurement with 
the Microscope," by Prof. W. A. Bogers. " Some New Forms of 
Mounting," by 0. 0. Merriman. 

Ibth. — ^ On Mechanical Fingers," by 0. M. Vorce. " On Angular 
Aperture of Microscope Objectives," by Dr. Geo. R Blackham. 
^ On the Definition of the term Angular Aperture," by Prof. B. 
Hitchcock. ''On the Preparation of Ashes of Leaves for the Study 
of Structure," by Dr. B. H. Ward. " On the Classification of AlgBB," 
by Bev. A. B. Hervey. 

16(A. — *' On the Emigration of Blood-corpusdes in Passive 
Hyperasmia," by Dr. W. T. Belfield. « On a Standard Micrometer," 
by Prof. B. Hitchcock. "On a handy Bule for Micrometry," by 
C. M. Yorce. ''On the Sting of the Honey Bee," by J. D. 
Hyatt 

17/A.— " On a Nev? Section Cutter," by Dr. Carl Seiler. " On 
Biscol's Section Cutter," by Dr. B. H. Ward. " On the Progress of 
Microscopic Buling," by Prof. J. Edwards Smith. " On the Construe- 

* ' American Journal of Microscopy^ vol. lit. 135. 
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tion of Oculars," by W. H. SeamaiL «< On a New Tom-table " by 
John Sidle. "" On Epithelium," by Wm. H. Atkinson. «« On a New 
Analyzing Eye-piece," and "^ On a New Arrangement for Dark Field 
Illumination," by Wm. Lighton. 

The aflbemoon of August 16th was occupied in an excursion round 
the city, and in the CTening a reception and exhibition was held, 
at which is said to have been exhibited "probably the finest and 
most imposing display of microscopes, apparatus, and objects oyer 
made in the country." 

Before the adjournment of the Congress (to Buffalo, N.T., in 
1879), it resolyed itself into a permanent and independent organiza- 
tion, under the name of the '* American Society of Microscopists," 
by Uie adoption of a constitution, and the election of officers and 
an executive board of three for the ensuing year, Dr. R H. Ward 
being president. 

^' Unit of Micrometry^* — At the American Microscopical Oongress, 
the following resolutions were proposed by Professor Hitchcock, and 
adopted : — 

Besolyed, — That this Congress, representing the various Micro- 
scopical Societies and microscopists of the country, recommend and 
adopt, for universal use, fr6m this time forth, the ^h^ of a millimetre 
as our unit of microme^y. 

Besolved, — That we request each Society of microscopists to 
formally approve our action in this matter, and to request that all 
authors of papers conform to these resolutions whenever practicable, 
and that they may communicate whatever action they may take to the 
New York Microscopical Society. 

Besolved, — That we request microBCopical organizations of all 
countries to formally adopt this same unit, and communicate their 
action to the same body. 

A New CeeUnd Host. — ^Dr. August Omber, of Freiburg, relates 
that on accidentally crushing a specimen of Cyclops hrevicaudaius^ 
under the covering glass he discovered a small worm, which wriggled 
about in a lively manner beneath it. On examining it he could see 
plainly a cuticula, and in the interior a great number of calcareous 
particles. The head was furnished with four well-formed suckers, but 
was not armed with hooks. 

On proceeding to examine a considerable number of these Cyclops, 
he found that there was quite an epidemic of such small worms 
affecting the animals. The worms were of all ages, from small, 
shapeless lumps, visible only under the microscope, to worms which 
could be seen with the naked eye, about 1 mm. long, and furnished 
with suckers, cuticula, and calcareous particles. 

The creatures were always found in the same part of the cavity of 
the body of the Cyclops, viz. above the intestines, and, in fieust, the 
larger specimens filled the whole space between the eye and the 
abdomen, and often penetrated into tiie latter, but always lay so that 
the suckers were in the anterior part of the Cyclops. Notwithstanding 
that such a considerable portion of the bodily cavity was taken up 
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by the paraoite, the Oyolops did not seem to 8a£Eer much, bat moved 
briskly about in the aquarium ; but in specimens where the worm was 
pretty freely grown the orange-red fat drops which usually filled the 
animal had disappeared, and the ovaries had become atrophical 
(the males were not observed to have parasites ; they would on account 
of their small size be destroyed before the worm attained the requi- 
site size.) 

As regards the introduction of the parasites, it must be presumed 
that the eggs of the TcBnia are swallowed by the Gopepoda, which 
feed on all kinds of organic matter floating in the water, in whose 
stomach they hatch, and thence migrate through the walls of the 
stomach into the cavity of the body. The eggs must be uncommonly 
small to be taken through the narrow passage between the toothed 
mandibles into the gpillet and stomach. 

The worms doubtless become developed into Taania in the intes- 
tines of one of the numerous fishes which feed on the small Crustacea 
of the sea, and it appears most probable that this parasite, which has 
chosen such a circumscribed, and for its kind so unusual a domicile, is 
the young of the Tosnia toruiasOf which, according to Budolphi,* 
infest the Oyprinoidete of our fresh-water lakes, although I have not 
succeeded hitlierto in finding thenLt 

On tJie supposed Badiolariana and DiatomaeetB of tJie Codl-meature$* 
— Professor W. G. Williamson, F.B.S., called attention, at the Dublin 
Meeting of the British Association, to the Traqwjorim of Mr. 
Oarruthers, found in the lower coal-measures of Lancashire and York- 
shire, with small spherical objects that observer believes to be Badio- 
larians like those still living in existing seas. Professor Williamson 
showed that the radiating projections with which these spheres are 
surrounded were not siliceous spines like those of the BadiolarisB, but 
extensions of a continuous membrane which enclosed the entire 
organism, and which therefore could not have the spicular nature 
attributed to them. He then demonstrated that within this external 
membrane is a second inner one, which latter is filled with numerous 
small vegetable cells, like others shown to exist in the interior of fossil 
spores and reproductive cryptogamous capsules found in the same 
beds as those which furnish the IS'oqitarios, 

These conditions are so different from those existing in any known 
recent species of Badiolarian as to lead Professor Williamson to reject 
the idea of their Badiolarian character ; whilst their close organic 
resemblance to some obviously vegetable conceptacles found in the 
same coal-measures suggested that the TraquaricB are also vegetable 
structures. 

The mountain limestone deposits of some British localities contain 
a vast multitude of minute calcareous organisms which Mr. Sollas and 
other observers have regarded as Badiolarians. These structures, 
however, seem to exhibit no satisfactory evidence of being so. In 
the first place these organisms are now calcareous instead of siliceous. 

* * Hist. Nat. EntozoonuD,' ii. p. Ill, and Dujaidin, * Helminth«8,' p. 594. 
t * Zoologiflcher Anzeiger,' yoL L p. 74. 
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It has been Bnggested that their sUioeons elements weie remoTed 
and replaced bj carbonate of lime, but this appears to be most 
improbable. 

Professor Boscoe and Professor Scborlemmer agree in stating 
that they wonld require overwhelming eyidenoe before thej wonld be 
prepared to accept such an explanation of the present condition of ^ 

these objects or of the fact of the snbstitation of carbonate of lime for \ 

silica, that sach an explanation renders necessary. 

Gonnt Oastracane has published an account of a process by whieh 
he rednoed nmnerons specimens of coals to very minute quantities of 
coal ash, and has stated that he found in these ashes numerous marine ^ 

and fresh-water Diatomacee. Professor Boscoe kindly allowed one of 
his ablest assistants in his laboratory at Owens College to prepare 
analyses of a number of coals according to Ootmt Oastracane's method. 
The residual ashes of these preparations haye been mounted micro- 
scopically by Professor Williamson, and in no one of them can a trace 
of a diatom be found. Beyond stating the fact, he is wholly unable to 
account for the discrepancy between his results and those of the 
Italian observer ; so far as his present observations go, he finds him^ 
self compelled to conclude that we have no proof of the existence of 
Eadiolarians or of Diatomacen in the British carboniferous rocks. 

A short discussion ensued, in which Bir Joseph Hooker, Professor 
M'Nab, and Dr. Bayley Balfour took part, the views expressed coin- 
ciding generally witii uioee of Professor Williamson. 

Presertfcaion of Planaria. — Dr. Arnold Lang, of Bern, whilst 
staying at the zoological station at Naples this year was constantly 
occupied in the endeavour to find a method of preserving the Planaria 
which was not only fitted to preserve the exterior form and colour 
of such tender beings, but would also preserve their histological 
structure for subsequent sections. He found that pyroligneous add 
preserved the form and colour, but destroyed the histological struc- 
ture ; but in an old paper by Blanchard in the * Annales des Sciences 
Naturelles ' he met with the statement that the writer used ** liqueur 
salin hydrargyrique." He therefore tried chloride of mercury, and 
succeeded beyond his expectation by using the following mixture : — 

100 parts by weight of dlBtilled water. 
6-10 „ „ chloride of sodium. 

5-8 „ „ acid acet glao. 

8-12 „ „ chloride of merooiy. 

(I M H alum). 

' The process is as follows : — ^A perfect specimen is carefully placed 
in a shallow cup of sea-water, and laid on its back. This being done, 
the sea-water is removed by means of a pipette, so that the worm lies 
stretched out flat ; a sufficient quantity of the mixture is then poured 
on its abdominal side, when it at first draws itself together a little, 
but immediately afterwards extends itself, and dies almost directly, 
stiffened in its natural shape. Any wrinkles that may be formed 
can easily be straightened with a brush. Half an hour afterwards the 
mixture is to be removed by a pipette, and 70 per cent, alcohol 
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added, in two honrs 90 per cent, alcohol, and, later on, absolnte alcohol. 
In two days all the specimens will be found to be quite hardened. 
When stained (he recommends picrocarmine in pretty weak solution, 
and soaking for several days), all the Planaria thus treated pre- 
serve their histological structure perfectly well. There is incon- 
yenienoe in imbedding in parafELn, as in consequence of the great 
wrinkling the parenchyma of the body is torn asunder. However, 
by gradually applying turpentine in a strong solution of paraffin this 
wrinkling can be avoided. 

By this method the most deHoate Planaria, as e. g. Le^toplana^ 
Proceroe aurantiaeuSf erisiatuSy Thysanozoon, &c., can be prepared so as 
to partly retain the colours they possessed when living.* 

" Commercial Microscopy," — At the " £ooles Sup6rieures de Ck>m- 
merce et dindustrie" of Eouen has been established a course of 
instruction on the application of the microscope to commercial pur- 
poses. Dr. Pennetier, the Director of the Museum of Natural History 
at Bouen, who has taken charge of the course from its commencement, 
has addressed a note to the * Journal de Micrographie/ detailing the 
objects he has had in view and the specially satisfactory results hitherto 
obtained, and urging upon the other commercial schools of the country 
that they should follow the initiative of Rouen and establish a similar 
course. Many of the pupils of the Bouen school have owed their 
admission to tiie large industrial establishments to the ezpertness in 
microscopical manipulation which they acquired under Dr. Pennetier's 
instruction. It is intended to publish the Doctor's lectures, which 
include not only the adulterations of food, but the recognition of the 
nature and proportion of the different kinds of fibres in particular 
materials, the origin and quality of the hairs employed in hat making 
and the ^ trade, the raw material of which any given paper is com- 
posed, the discrimination of true ivory from the substances used for 
it, and a variety of similar matters. This subject also formed the 
basis of the recent address of the President of the Quekett Micro- 
scopical Club. 

Physiology of the Contractile Vacuoles of the Infusoria. — The fol- 
lowing observations made by Professor Th. W. Engelmann are adduced 
by him as demonstrating what hitherto has only been a matter of con- 
jecture, that the contractile- reservoirs of' the Infusoria empty their 
contents externally on contracting. A new Infusorium which he was 
examining (which may be called Chilodon propeUens\ was the size of 
a medium specimen of Chilodon cuciMdfiSy and accords with this species 
also in the limitation of the stripes and cilia on the ventral surface, as 
also in the presence of a discharging cytostom, in the anterior third 
of the body, and a simple nucleus in conformity with it. The shape 
is, however, slender, and towards the posterior end, in which the 
large contractile bladder is placed, the body is more roundly turned. 
Thus an approach is made of the hypotrichous to the holotrichous 
type, which is interesting firom a systematic point of view. 

The animal swam about with a generally constant but very 

* * 2k)ologi8oher Anzeiger,' vol. i. p. 14. 
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slight motion^ for the moBt part in slight onrres. Whenever the 
contractile reservoir became contracted, which occnrred pretty rega- 
larly at intervals of about half a minute, and took place very sud- 
denly, there succeeded a jerking kind of acceleration of the forward 
movement. If the animal happened to be previously stationary, it 
made a jerking forward movement at the instant of the systole of about 
a quarter its length. A simultaneous acceleration of the very slug- 
gidi ciliar motion could not be discerned at all. The phenomenon 
can only be explained, therefore, by the rebound caused by the fluid 
ejected from the contractile bladder at the systole. 

With this harmonizes the fact that the hindermost section of the 
body shrunk together at the systole into a thin, empty, longitudinally 
folded sac, without there being any appearance of even the slightest 
increase of volume of the front part of the body. It is certain, there- 
fore, in the case before us, that a very large portion, perhaps the whole 
quantity, of the fluid contents of the contractile bladder was emptied 
outwards during the systole. 

As the re-expansion of the bladder, as is generally the case, took 
place very slowly, it could not be decided whether any fluid could be 
directly sucked in from without. He considers this, however, to be 
highly improbable, amongst other reasons, because he never succeeded 
even with other species in seeing the contractile vacuoles fill them- 
selves with coloured fluid from that which surrounded them.* 

White of Egg as an Imbedding SubiUmce. — The best substance for 
imbedding small objects with a view to the preparation of sections is 
one that can be hardened to any required degree, is easily cut, is 
transparent, and allows of the section being placed in balsam or 
4^ji>mTnar immediately after it is prepared. 

These requisites are found in the ordinary white of egg of the 
fowl. 

The object to be imbedded (which is best stained beforehand) 
must have lain for one or more hours, according to its size and pene- 
trability, in white of egg, so as to become thoroughly penetrated by it 
There must be no alcohol left in the object, as it gives rise to blisters 
in the course of the subsequent process, and thereby produces holes 
in the imbedding substance. 

The object thus soaked is now placed in an oblong box of stiff 
dose-made paper folded or pasted together filled with the albumen. 
The position of the object may be fixed if necessary by a needle 
passing through the upper part of the box, which can be easily with- 
drawn after the hardening. 

The box thus filled must be e]^posed to hot steam or, still better, to 
hot air. After about twenty mmutes the albumen becomes hard 
enough, and the box should then be put into strong spirit, which in 
the course of a few days must be changed once or twice, to be finally 
replaced by absolute alcohol. Several days after this treatment the 
objects are ready for cutting. The paper walls of the box may be 
removed witii a knife, and a section of the hardened albumen several 

* * ZoologiBcher Anzeiger,' vol. i p. 121. 
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millimetres thick taken o£^ whioh can be afterwards nsed for pinning 
small objects on before placing them in the box. 

The dried (dehydrated) pieces can now be cnt by the microtome 
into sections -^ mm. thick, and the section placed at once on the 
glass slide, where it may be treated as nsnal with oil of cloves and 
balsam. If the mass is too hard, it can be softened to any degree by 
laying it in water. It is far better, however, to let it lie before 
catting for a day in oil of cloves (or turpentine), where it becomes 
transparent as amber, but at the same time a little softer, though 
still hard enough to be fixed in the microtome. 

The imbedding substance appears under the microscope either 
perfectly homogeneous or in the worst case very finely granulated. 

The advantages of this method are that complete series of sections 
can be permanently produced without much loss of time, and without 
the different parts of the object being removed from their position, 
whilst the transparency allows of uninterrupted observation of the 
position of the object. Moreover, the object need not be so carefully 
hardened as is required in paraffin. The method is strongly recom- 
mended for calcareous and siliceous sponges as well as for worms and 
the embryos of fowLs.* 

New American Journal of Microscopy, — Professor Bomyn Hitchcock, 
of New York, announces that it is intended to issue, under his editor- 
ship, a quarterly journal, with the title of the ' American Quarterly 
Microscopical Journal.' It is to contain, "besides original articles 
from prominent writers, reprints and translations of the most important 
papers found in current English, French, and German publications, 
the Transactions of the New York Microscopical Society, and a com- 
plete synopsis of all microscopical matters ; and to this end abstracts 
will be given of every article published during each quarter to which 
the editor has access, or where abstracts are inadmissible, titles of 
the papers will be given." The journal is to bo *^ absolutely inde- 
pendent of any business enterprise, and published entirely in the 
interests of microscopical science." 

Anaerchiosis of Micro-Organisms. — The following note by IL 
Gunning was read at the French Academy on 1st July: — At the 
meeting of the Academy of Sciences of Amsterdam of the 29th April, 
1877, I pointed out tiiat ferrous ferrocyanide was a reagent very 
sensible to oxygen, and demonstrated by this means that the apparatuis 
and media ordinarily in use for the culture of micro-organisms could 
not be exempt from oxygen by the methods recommended for that 
end. 

These observations threw a legitimate doubt on the experiments 
on which the doctrine of anaerobiosis is based, and I have naturally 
been led to repeat these experiments under conditions which allow this 
new point of view to be taken account of. Admitting the practical im- 
possibility of obtaining spaces where the absolute absence of oxygen 
could be proved, I have used glass flasks hermetically sealed, in 

* Prof. Sclenka, in ' Zoologiaohcr Anzeiji^er,' vol. i. p. 130. 
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wbich as large quantities as possible of pntrescible matter were placed 
in contact ^dth the smallest possible quantities of oxygen. 

The matters which I made use of, yiz. nrine, blood, sonp, jeast, 
and milk, as well as water and raw meat, and grains of rice, beanS) 
peas, pieces of coagulated albumen, (fee., taken in a fresh state, were 
infected by bacteria taken from similar matters in a state of full 
putrefaction. The flasks were then sealed and exposed to a tempera* 
ture of 88-4:0 degrees ; putrefaction was immediately established, to 
be definitely arrested, however, in all the flasks after a longer or 
shorter period, often very short, but always sensibly proportional to 
the quantity of oxygen which was supposed to be present I haye 
had in my possession for nearly two years a considerable number of 
these flasks whose contents have lost little or nothing of their 
primitive fre8hnes& 

The details of these experiments are related in a memoir which 
has been published in the * Annals of the Academy of Sciences, 
Amsterdam,' vol. xii., 1878, and in the sixth part for the year 1878 of 
the ' Journal of Practical Chemistry,' as well as the arguments which 
led me to attribute the cessation of the putrefaction solely to the 
death of the bacteria caused by the absence of free oxygen. 

I will ask permission to cite here one of these arguments, because 
it relates especially to a subject which lias often occupied this 
Academy. 

When the flasks containing the putrescible matters terminate in 
tubes provided with cotton-wool, or are re-curved many times upon 
themselves, and whose tapered points are hermetically sealed, we are 
able at any given moment by breaking the point to expose the con- 
tents anew to the contact of the air, deprived of germs. If to 
establish this contact we wait for the moment when the contents have 
arrived at a state of complete inertia, we observe that the air no 
longer produces the least phenomenon of putrefaction or appreciable 
alteration. This proves in my opinion not only that the bacteria as 
well as their germs are really dead, but also that the organic matters 
are not susceptible of spontaneously producing others. These 
experiments are then, as it seems to me, very strong arguments 
against archebiosis, and so much the more that the organic matters 
are not subjected here to any other manipulation than the seclusion 
during several days or weeks of the air — a manipulation which pro- 
duces no alteration either in colour, structure, or solubility, and which 
seems to preserve them as much as possible in their natural state. 

This is why I have applied this method to the well-known ex- 
periments of M. Bastian with urine neutralized by potash ; my pro- 
cedure was the same as his, with this di£ference, that no measures 
were taken to sterilize the matter operated on ; on the contrary, it was 
mixed with a drop of urine in frdl putrefaction. A certain number of 
flasks of about 500 cubic centimetres capacity were filled as com- 
pletely as possible with this prepared urine, then sealed and exposed 
to a temperature of 40°. The urine got thick, but became perfectly 
limpid again at the end of some days ; it then remained in this state 
without change of colour and without presenting any other sign of 
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alteration. Other flasks arranged in the same manner, but whose 
tapered necks terminated in onficee of different size, allowed me to 
ol^erre not only that the pntrefaotion was clearly established, but that 
its intensity was sensibly proportional to the quantity of air which 
oonld enter. It was easy in this way to set up putrefaction at all degrees, 
from zero to the maximum, in different portions of the same matter 
eminently putresoible and infected, whose conditions of existence pre- 
sented no other difference than that of the greater or less free access 
of air. 

Urine neutralized by potash must be considered a matter 
eminently fit for the life of micro-organisms, and extremely difficult 
to sterilize by the ordinary methods ; but from the moment when the 
organisms which it contains no longer find oxygen, they lose com- 
pletely the faculty of supporting the bacteria, and with greater reason 
the fiiculty of producing others. 

The seclusion of oxygen offers a simple means, generally ap- 
plicable and efficacious, for sterilizing organic matters, and furnishes 
the most conclusiye proofs against spontaneous generation. 

M. Pasteur, after the aboye communication had been read, made 
the following remarks : — It is seventeen years since I published the 
first facte relative to life without air or anaerobiosis ; since this time I 
have occupied myself with the cause of error which the author refers 
to in the preceding note, and notwithstanding the very great precision, 
as I think, of my first experimente, I have always endeavoured since 
then to make this precision more perfect. Very recently, on the 
occasion of the remarks which I published in conjunction with 
Messrs. Joubert and Chamberland, we carried still further the in- 
vestigation of the means proper for eliminating in a complete manner 
the air from our flasks. With this end we combined the action of the 
vacuum of the mercury air-pump with the properties of white indigo, a 
substance so well known for ito effect in the absorption of oxygen 
since the work of M. Dumas on the subject. 

If the author of the preceding note will go further in his observa- 
tion, if he will remark, as he does not seem to have done, that putre- 
faction is often arrested not by the death of the microscopic organisms, 
but because they have passed to the stete of germs, I do not doubt 
but that he will be led, as was the case with Dr. Brefeld in. regard 
to the development of alcoholic yeast, to retract his assertions, and to 
recognize that the existence of anaerobic beings reste on irrefutable 
proofs. 

In the second part of his note M. Qunning combate the conclu- 
sion of Dr. Bastian on spontaneous generation, and I am glad of the 
confirmation which he brings to the argumente which I have abeady 
used against the latter gentleman. 

HaUphysefna Tumanauncziii not a Sponge. — ^In the July number 
of the 'Annals of Nat. Hist,' Mr. W. Saville Kent records the 
resulte of an examination he has made at Jersey of some specimens 
of this organism found on the fronds and root-stalk of McMgeria 
BanguineOy in regard to which so much controversy has arisen. 

Prior to the discovery of the living specimens, Mr. Kent had 
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made an examinatian of a dried one, which, though not definitely 
solying the question, had tended to confinn an affinity to the sponges, 
within the interior being found one or more minute fragments whioh 
bore a strong resemblance, under a magnification of 800 diameters, 
to a pavement-like arrangement of the essential collar-bearing spon- 
gozoa in a desiccated state. * 

When the living specimens were obtained they were in the first 
place transferred to a shallow zoophyte trough, and cursorily recon- 
noitred with a power of from 100 to 200 diameters only. This pre- 
liminary inspection yielded no positive results, the spicule-bristling 
capitulnm in each instance maintaining the mute stolidity of the 
sphinx itself, and altogether refusing to yield up its secret. In one 
or two instances, however, there was the ghost of an appearance of 
syncitium-like sarcode embracing the base of some of the Lirger 
spicules. At the same time (and tiiis must be accepted as a somewhat 
significani fieu^t) not the slightest inward or outward current from the 
terminal orifice or any other region could be detected on adding a 
solution of carmine to the ^water, which may be almost immediately 
observed when experimenting in a similar manner on a liviug sponge. 
Proceeding now to a more intimate acquaintance with the organism, 
a lucky cut with a dissecting knife had the gratifying result of 
dividing a specimen evenly and longitudinally from one end to the 
other ; and this, submitted to no higher a magnifying power than the 
one previously employed, at once solved the riddle. Oord-like pro- 
longations of moving granular sarcode were seen at the severed edges 
extending from one to another of the projecting sur&ces of the quarts 
granules or spicular fragments of which the skeletal framework was 
composed. Here and there these cord-like prolongations were, as it 
were, knotted into fusiform or globular dilatations, and these, by the 
contraction in opposite directions of the thinner portions, were now 
and then drawn slowly across from one end to the other of the same. 
The sarcode substance of the more interior portion corresponded 
closely with that of the knotted dilatations, except that in this more 
densely aggregated condition it presented a darker amber-like aspect. 
In a little while still finer thread-like extensions of this sarcode were 
thrust out frt>m the denser mass, some as slender, attenuate, simple 
filaments, while others assumed a more or less branching form. 
Here and there the ramifications of these latter came into contact and 
anastomosed with one another, while in all was maintained a circular 
tion of the granular contents identical in all ways with what obtains 
among the typical Foraminifera, such as MtUola and Bokdia. A still 
more rigid examination with the aid of a magnifying power of frt>m 
800 to as much as 2000 diameters failed to reveal the existence of 
any structures corresponding with the collar-bearing flagellate zooids 
of ordinary sponges, or, indeed, of any separate cellular elements 
whatever. Occasionally the globular or fusiform sarcode dilatations 
already mentioned exhibited, under this increased magnifying power, 
the presence within their interior of a nuclear-like body and sundry 
vacuoles, as represented in the plate accompanying the article. 
Beyond this, aU consisted of a homogeneous, interblending, and 
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adlierent granular sarcode, sbowing in its attenuate condition that 
granule-circulation jnst described. The Foraminiferal nature of the 
organism and the accuracy of Mr. Garter's first deductions relating 
thereto, were now therefore established beyond dispute, and it has now, 
it may be anticipated, found a permanent resting-place among the 
arenaceous, and in this case adherent test-building Foraminifera 
represented by Dr. Carpenter's family of the Lituolida. 

Mr. Kent then detaUs the capture and digestion by the animal of 
the nauplian larva of a crustacean which still more clearly established 
its true nature, and describes the characters presented by the external 
test or skeletal portion. 

Through the artificial preservation for several weeks of living 
specimens some knowledge of their developmental history was 
obtained, and every gradational step from the naked pyriform zooid 
to the teiBt-constructing and matured condition was observed. 

The Embryology of Sponges, — Mr. Kent, at pp. 139-156 of the same 
volume, records the results of an extended personal investigation 
of the so-called " ciliated embryos," or " larvae," or " reproductive 
gemmules " of sponges. Whilst Metschniko£^ Carter, Oscar Schmidt, 
F. E. Schultze, and Barrois agree with one another, and so far with 
Haeckel, in according to these bodies the existence of two or more dis- 
tinct cellular layers, carrying with it the inference that sponges are 
true tissue-forming Metazoa, Mr. Kent considers the sponges to be 
^ compound colony-building, collar-bearing flagellate monads, exhibit- 
ing neither in their embryological nor adult condition phenomena that 
do not find their parallel among the simple unicellular Protozoa," and 
he regards '' the so-called ' ciliated embryos ' as the equivalent not of a 
single body or person, but as a special aggregation of innumerable 
individuals, to which collectively the tide of ' compound ciliated 
gemmules ' or ' swarm-gemmules,' may be most appropriately applied. 
The chain of evidence supporting this decision " follows, as the result 
of which Mr. Kent submits that the deyelopmental manifestations of 
the ciliated sponge embryo make it clearly evident that we have here 
** merely a mode of increase, for a special purpose, by multiple fission 
differing in no essential manner from that common to Magosphcera^ 
and the independent collar-bearing types, such as SdlpingcRca, and the 
majority of the Infusoria flagellata. That these bodies cannot in any 
way be compared with the true ova of the ordinary Metazoa is de* 
monstrated not only by their inconstant form and character disas- 
sociated also with any act of spermatic fecundation, but from the fact 
that the segmentation of the primary unit gives rise to a morula-like 
aggregation which does not develop by the fusion of its constituent 
particles or blastomeres into a single germ-lamella or blastoderm, but 
into a number of distinct and independent unicellular zooids or units. 
The metazoic interpretation of the nature of sponges, as grounded upon 
the developmental manifestations of these same bodiies, must likewise, 
as a consequence, be abandoned or otherwise be extended to the 
simple Monadina, Radiolaria and Catallacta, which produce a similar 
morulap-like segmentation-mass, thus leaving the Protozoa in posses- 
sion only of little more than an empty title. The true nature and 
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significanoe of the so-called ciliated embryos of the sponge, while not 
reconcilable with the proposed metazoic interpretation, becomes 
clearly intelligible on collating these organisms with tiie nnicel- 
lular Protozoa. Begarded from this position, the identity of the OTate 
aggregation of separate units which constitute the so-<»Jled sponge- 
embryo with the similar aggregation of units of the segmented monad, 
afterwards separated and dispersed as swarm-spores, is made apparent. 
This sponge-embryo is in this manner demonstrated to be merely an 
aggregation of swarm-spores held closely bound to one another 
throughout the process of development — a * swarm-gemmule,' whose 
mission it is, in its aggregate condition, to lay the foundation of a 
composite sponge-stock similar to the one which gave it birth, and 
in manner identical with that individually effected by each motile 
swarm-spore of the solitary monad. 

As a final demonstration of the protozoic nature of sponges, the 
multiplication of these organisms by the production of countless in- 
finitesimal spores after the manner of the typical Monadina, has been 
determined. This spore-formation is brought about through the 
assumption by the matured collar-bearing zooids of a quiescent 
encysted state, accompanied or not by the fusion of two individuals. 
The spores produced by the breaking up into almost invisibly minute 
particles of the entire protoplasmic substance of the encysted zooids, 
are liberated in the substance of the syncytium ; and within this 
matrix each sx>ore develops again through an amceboid or cytoblastic, 
and then simply flagellate, phase to an adult collar-bearing unit. The 
multiplication of the typical sponge monads or Sx>ongozoa by the 
means of- spores represents the constant and normal manner in which 
the growth and extension of the sponge-colony is effected ; the aggre- 
gated masses of individuals or swarm- gemmules, liberated only at 
certain periods, representing a special development for the more 
extensive dissemination of the species." 

Osmic Add, — ^With reference to Dr. Pelletan's recommendation 
of osmic acid for the purpose of fixing Rotifers, Infusoria, &c., with 
their organs extended (see p. 189), the following note from the August 
number of the ' Journal de Micrographie ' may be quoted : — " O^io 
acid is a reagent the employment of which requires some precautions. 
It is very volatile, its vapour has a very disagreeable odour, is very 
poisonous, very irritating, and may cause serious injuries to Uie eyes. 
It is found commercially in the form of crystals, in small tubes her- 
metically sealed. The two points of the tube should be broken, and 
the crystals put into a known weight of distilled water. If the 
weight of the tube when empty is deducted from its weight when full, 
that of the crystallized acid is known, and consequently the strength 
of the solution, which can then be diluted with distilled water as may 
be required. The solutions may be preserved in flasks dosed with 
sealing-wax, which can be softened by a heated metallic rod at the 
time of use. A little of the solution may be taken out with a pipette, 
and the flask closed again with the sealing-wax. Small quantities of 
the solution can be preserved for immediate requirements in stop- 
pered bottles. 
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The ** Transporter " of Professor itfbnnter.^-This is employed in 
the Laboratory of Microscopy of the Umversity of Geneva, and is 
intended to facilitate a rather delicate operation in the preparation of 
objects for the microscope. Eyeryone knows how difficult it some- 
times is to place the covering glass on a preparation, in glycerine 
for example, without introducing bubbles of air or deranging the 
object already placed, with much trouble, in the desired position. 
With this apparatuiii the thin glass is " transported ** automatically 
upon the preparation by means of a very simple mechanism. 

The ^ Tnmsporter " is more especially destined for preparations 
in glass cells, but it will serve also for other cells. It is composed of 
a small rectangular wooden plate, to one of the long sides of which is 
fixed by two hinges a wooden lever, like a small fiat ruler, with 
a semicircular bifurcation at the end, where it is attached to the side 
of the plate in order to secure it better. By the hinges it can be 
brought down on the plate, or raised perpendicularly, or even turned 
over on the other side upon the table. 

On the plate are two dips of brass, the distance between which 
can be altered as desired, and which are intended to receive between 
them, and to fix in an invariable position, the glass slides of different 
sizes on which the preparation is to be placed. 

The hinged lever carries on its under side just above the fork a 
piece of brass with two uprights, through which a horizontal screw 
works. On the screw are two small nuts, which, on turning the 
screw, approach to or recede from each other. Each of the nuts 
carries a small peg of wood. 

Suppose now that the cell has been fixed to the slide. The latter 
is then placed on the plate and secured between the two clips so that 
it cannot move ; then on the still empty cell is placed the covering* 
glass exactly in the place that it should ultimately occupy. The lever 
is then brought down to the plate, without, however, touching the 
covering glass, the two nuts bising then just over it. In order to 
regulate their distance apart, the screw is turned so that the two 
small pegs of wood are vis-^'vis the two opposite sides of the cell, but 
a little inside them. The apparatus is then adjusted for cells of the 
same size. If now a little glutinous matter is placed on the ends of 
the wooden pegs and the lever is brought down so that they touch 
the covering glass, at the same time applying slight pressure, the 
latter will remain fixed to the pegs when the lever is raised again 
and turned back on the table. 

The preparation can then be proceeded with, taking care not to move 
the slide. After the object is put in its pliMse in the preservative 
liquid, the lever is brought gently down, and will then replace the 
covering glass exactly in the position that it was in previously. 
Before raising the lever again the covering glass must be kept in its 
place with the handle of a knife, &c., so that it is not taken up again 
with the pegs.* 

Fungus of the MafU (Bhytisma ocertfium). — The maple frequently 
has black spots on its leaves during the summer, caused by a para- 

* * Jonmal de Micrographie/ vol. ii. p. 285. 
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sitio fangns, Xyloma ocertnufn, which oonstitntes a special type of 
affBction. This is only an imperfect and snminer form ; when the 
leaves &U in the antomn a farther growth takes place in the spots ; 
the plant acquires thecao and becomes Bhytitma acerinum. 

In the same locality the spots appear eyery year. Is the parasite 
perennial as some Uredinfe (JSeidiufn Euphorbia sylvaiiccR and a great 
number of Pncoinis) ? Is it annual like the Bceatdia and the greater 
part of the .Slddia f Sown in one point, does it spread through the 
plant like Endaphyllum Sempervivi, Peronospora PapavertB, &e, ? 

Some very yonng shoots of maple were placed in several flower- 
pots ; two had each eight, and were a reserve, the others, each con- 
taining four, were nsed for experimenting. 

On the 1st April, 1874, some mature spots of Bhytiama were out 
into narrow strips like tobacco, and wetted, and then in small heaps 
placed in contact with the young maples. All parts are not equally 
flt for the introduction of the parasite : TJstiUigo carho penetrates by 
the coUum, CrystopuA candidus by the cotyledons. Direct anatomical 
investigation of the mode of introduction of the germs is rendered 
extremely difficult by the form of the spores, which are very elongated, 
by their diameter and that of the germinal filaments, which are very 
slender, but above all by the irregularity of the germination. 

Four experiments were made to determine the mode of pene- 
tration. The small heap was placed : — 

A. Bound the collum at the level of the soiL 

B. In the fold of a cotyledon rolled up and maintained in that 
position by a pin. Each of the two pots was covered over with 
another soaked with water to prevent desiccation, vapour, and the 
removal of the spores by the wind. 

None of the leaves showed any Bhyiitma either in 1874 or the 
following years. 

0. In the cleft of two cotyledons, on the leaves of the terminal 
bud, at that time little developed. 

D. Between the leaves of the terminal bud already raised by the 
stem. The cotyledons were smeared with suet down to their base in 
order to isolate them; they soon withered and fell. The plants, 
although vigorous at the beginning, remained more slender than the 
others. 

In the two latter oases the Bhytiima appeared after two and ahalf 
months. The spots were at first white and greenish grey, then turned 
black in places, and finally over their whole surface. In the middle 
of July the spot was completely formed. 

The plants were shown to M. Brongniart, M. Duohartre, M. Boze, 
and several other botanists. In the autumn all the leaves which fell 
were collected. The following year, and since, the parasite did not 
show itself ; it appears therefore to be annuaL It seems also to be 
very narrowly localized. In the plants experimented on, the lower 
leaves, the only ones then developed, were alone spotted; the spots 
were all in the same state ; the mycelium did not spread. 

In 1876 I attempted to mark out on the leaves (not verr young, 
but already large) some lines and crosses by means of the Skytisma. 
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The spots oommenoed to show themselves, bat the tissue withered on 
»11 the leaves: the parasites only developed in a very incomplete 
manner, and did not appear the following year. The fongus is there- 
fore entirely localized on the foliar and deoidaous organs ; it is folly 
developed only on the young organs. 

It appears then that it would be sufficient to produce the dis- 
appearance of the Bhytitma to destroy all the spotted leaves which 
fall in the autumn, but this presupposes that the small corpuscles 
(spermatia of Tulasne), produced in enormous numbers on the living 
leaves {Xyloma\ are not able also to produce the parasite. 

The red spots of the plum tree, pi^uced by the PolytUgma rubrum^ 
an ascomycetous fungus of quite another group, and much more 
dangerous, have probably a very analogous history.* 

The Beprodnction of Hydra (Note by M. Eorotnefl^ communicated 
by M. de Lacaze Duthiers to tiie French Academy). — " In spite of 
its abundance, the fresh-water Hydra presents a great number of 
peculiarities insufficiently studied, and particularly the reproduction 
of the sexual elements, and the embryonic development of the inr 
dividual itself. 

These phenomena have been described in a fairly detailed manner 
by Eleinenberg, in his ' Monograph of Hydra.' According to his 
researches, the cells are found below the ectodermal elements 
{inteTstiiidleB Qtwd>e\ and form an agglomeration which serves to 
reproduce the ova as well as the spermatoEoids. The development of 
the ovum is accomplished as follows : one of the cells of the agglo- 
meration increases remarkably, and swallows up the surrounding cells 
— ^in other words, it feeds itself upon them. The nucleus is changed 
into a germinal vesicle, and at last, the cell itself represents the ovum 
of the Hydra^ which is thus, according to its origin, a monocellular 
and ectodermic formation. 

The granulations of a definitively formed ovum serve to produce 
the larger elements, which Eleinenberg describes under the name of 
pseudo-cells (PseudoceUen^ El.). 

After a detailed description of the segmentation, the Qermaa 
savant passes to the formation of the blastoderm, as an immediately 
succeeding phenomenon to segmentation. The blastoderm consists o£ 
a layer of cells, forming by itself the entire envelope of the ovum* 
Eleinenberg considers the blastoderm to be an embryonic epithelium, 
not taking part in the ulterior formation of the Hydra, and thrown 
off as an envelope at a certain period of the development ; for this 
i^ason the adult Hydra is an animal destitute of epithelium. 

My own researches, made upon Hydra fuBoa^ completely contra^ 
diet those of Eleinenberg. Nevertheless, conformably with his 
researches, I have seen an agglomeration of cells, of ectodermic 
eleiQents, which I consider simply embryonic cells, which serve to 
reproduce different ectodermic elements. One of these cells grows, 
and its nucleus chaiiges into a germinal vesiole. At the same time, 
the peripheral elements of the agglomeration separate, forming a row 

* H. Max Comu, in 'Oomptes Beodns,' vol. Ixzzvii. p. 178. 
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of oellB by means of small, highly refractive grannies, while the 
central cells are joined to each ot^er and to the enlarged cell ; in this 
manner, a common plasmodinm is formed, strewn with a consider- 
able number of nndei. The germinal yesicle begins to degenerate, 
and disappears entirely (this last phenomenon agrees with the obser" 
yations of Eleinenberg) ; bnt the nndei of the central cells undergo a 
transformation of another sort ; they increase somewhat in size and 
degenerate into fatty bodies ; at the same time certain of them divide 
(their nucleoli also take part in this division). The degeneration of 
a nucleus begins by a considerable increase of its nudeolns, which 
becomes highly refractive and ends by being blended with the con* 
tents of the nucleus. It is these degenerated nuclei, probably serving 
for the nutrition of the embryo, which Kleinenberg takes for pseudo- 
cells. The peripheral elemente of the agglomeration, strewn with 
granules of a chitinous origin, serve to form the shell or the envdope 
of the ovum. 

In comparing my observations with those of Eleinenberg, I condude 
that the German savant has taken the peripheral cells of the agglo- 
meration for a blastoderm, and the mass of central cells for an effect 
of segmentation of the ovum. According to my observations. Hydra 
evidentiy cannot be regarded as an animal destitute of epithelium : 
my former researches have established the fact that this epithelium is 
muscular." * 

The Staining and Preparation of Bacteria, — ^In the * Zeitsduift 
fftr Mikroskopie ' Dr. W. A. Haupt explains his views as to how the 
staining and preparation of bacteria may be facilitated. 

After referring to the development in recent times of the doctrine 
of a eoniagiwn motim, and the fact that scarcely a medical periodical 
can be taken up but we meet with articles on the etiology of infec- 
tious diseases with reference to bacteria, Dr. Haupt complains that 
from the inexperience of the authors or their defective microscopical 
observations tiiese artides tend rather to obscure than elucidate the 
subject. He instances a paper by Dr. Tschamer which appeared in 
the same journal, in whidi hooping cough is attributed to the pre- 
sence of tiie UstHoffo MaydiSf and its oidium from Capnodium Oitri. 
Dr. Haupt maintains that the UeHlagifUB have not the oidium form, 
and that this parasite being found exdusivdy on maize, it is strange 
that the disease should flourish where there is no maize, and be rare 
where it is cultivated in abundance. It is fw more probable, he 
ihinks, that it is produced by a kind of Microeoeeiu similar to the 
Mieroeoccua dipktharicue. The presence of spores and fungi in Cases 
where there is no hooping cough is a fact known to everyone who 
has had much to do with the microscopical examination of the contents 
of the oral cavity, and, as a case in point. Dr. Haupt relates how, 
together with Microeoccue diplUhericus, &c., he found spores of TiUetia 
eariee in the pus taken from a boy who was suffering from diphtheria. 
These, he concluded, had nothing to do with the disease, but were 
attributable to the atmosphere in which the boy lived being impre^ 

• < Gomptes BendiiB,' vol. Izzzvii. p. 412. 



N0XB8 A2n) MStfORAKDA. 269 

tiated wiih flotir dnst, and, on inqniry, he learned that the boy's &ther 
was a pastiy-cook. 

The difficulties which are involyed in the stndy of baoteria arise 
partly from the gaps which appear in the classification of these 
minutest of all living organisms and the new forms which are oon« 
tinoally cropping up, and partly from the microscopes employed, 
although furnished with high powers, possessing little power of illu- 
mination and definition, whilst the investigation of bacteria is a matter 
of enormous difficulty on account of their extreme minuteness, their 
weak refracting power, and their motion. By Dr. Koch's process, 
howeyer, photographs of bacteria will be obtained showing not only 
their contours, but any flagella or other details, and thus correcting 
the false ideas founded on erroneous drawings, and paving the way to 
fresh discoveries. It is confidently predicted that in many kinds of 
pathogeny where a morphological distinction cannot be discerned, but 
which are the cause of complaints of a most diverse nature, there will 
be quite characteristic differences discovered. 

Dr. Haupt speaks in the highest terms of Dr. Koch's method, but 
says that for the practical physician it is too tedious and troublesome. 
His modification if it consists in staining the whole fluid which 
contains the bacteria, instead of each preparation by itself. This 
involves but little expenditure of time and trouble, and can be done 
at the patient's bedside or at the dissecting table if he be provided 
with a bottle in which to put the substance to be stained, and another 
containing the staining fluid. The microscopical examination may be 
subsequently made at any convenient time, and the bacteria are 
as clearly seen as when Koch's method is used. 

The fluids which Dr. Haupt employed were carmine, eosin, rose 
de Magdala, haamatoxylin, parme, amlin-violet, fuchsin, and erythru- 
sin, and, except with the first two, he obtained good results. HflBma- 
toxylin stained MicrocoecoB Texj quickly. He recommends as beet 
anilin-violet, fuchsin, and especially erythrusin. 

Bacterium termo, though difficult of preparation, should be first 
experimented with, as what answers with it will succeed with all 
bacteria. Bacterium termo is easily procured by exposing^ a piece of 
raw meat placed with water in a porcelain cup to the sun for an hour 
or two, or letting it stand near a warm oven. When an opal-Uke 
scum has formed on the fluid, every drop is seen under the microscope 
to contain millions of these bodies. 

This or any other fluid containing bacteria purine, serum, blood, 
&c.), should be put in a 10-gramme glass whicn has been carefully 
washed and rinsed with alcohoL The bottle should be a fourth or a 
fifth part filled, and the same quantity of a solution in water (well 
filtered) of the staining material added, and then, after being well 
shaken, it is to be corked and labelled. It is well to write on the 
label its contents, date, and hour. With some objects the staining 
is effected in five, ten, or fifteen minutes, others require twenty-four 
to forty-eight hours. After being assured by examination with the 
microscope that the result is satisfactory, a drop is then taken by 
means of a pipette from the bottom, and spread out well on a glass 
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elide and dried in a warm place (well protected firom doBt), which 
takes about ten or fifteen minntes. A drop ci dammar Taraiak or 
Canada balsam is added to it, and the coTering glass pressed down as 
mnch as possible. The preparation is tiben ready. 

As compared with preparations made by Dr. Koch's method, the 
gromid appears a little more coloured. Since, howerer, the bacteria 
are considerably darker, and as high powers most neoesaarily be used, 
in which case the colour of the gromid cames no inconvenience, the 
method is strongly recommended to those who have a limited time ta 
devote to microscopical manipulating.* 

A MtneralogicdL JURcroBoope* — M. Renard describes, in the * Bnlletin 
of the Belgian Microscopical Society/ a new microscope intended for 
the examination of microscopic crystals by polarized light. One of 
the leading pecnlarities of its constniction consists in the contrivance 
(apparently adopted for economical reasons) by which the objective is 
centered upon the object on a rotating stage. The tube of the micro- 
scope carrying the object-glass is enclosed in a fixed outer tabe, which 
is contracted at the upper part so as not to allow of any '^ pivoting ** 
of the inner tube at that end. Below the contracted part there is a 
space between the outer and inner tubes, the former bmng lined with 
parchment, which is pressed against the latter by springs. Through 
the lower end of the outer tube work two screws at right angles to 
each other, which press against the inner tube and move it in two 
rectangular directions (or any intermediate one), so that it can be 
readily brought into the correct position. 

Alcoholic Fermentation, — ^An interesting series of ezperiments was 
lately instituted by Herr Muntz, in order to determine whether the 
living cells of the more highly organized plants, when entirely cut off 
from oxygen, are equally able with the cells of fungi to produce 
alcoholic fermentation. For this purpose he experimented with a 
variety of plants, beet, maize, cabbage, chicory, portulacca, nettles^ 
&o. From each kind three equally healthy plants were selected. 
One was left in the open air, and the other two were placed, with the 
accompanying soil, under capacious bell-glasses containing an atmo- 
sphere of Nitrogen, the oxygen being removed by pyro^lic acid. 
After a lapso of from twelve to forty-eight hours, they were removed 
from the glasses. One was placed in the open air in order to be 
certain that the power of development was retained after the imprison- 
ment, and the other was cut o£f above the ground, distilled with water, 
and tested for alcohol. In all cases the plants which had been in an 
atmosphere free from oxygen showed appreciable quantities of alcohol, 
amounting often to a thousandth of the entire weight of the plant, 
while no traces could be detected in the plant which had remained in 
the air during the same time.| 

Alcoholic Fermentation. — M. Berthelot recently pnUishedy in the 
* Revue Scientifique,' what purported to be a copy of some notes (written 
in October 1877), which were found after his death amongst the papers 

* * Zeitflchrift fur Mikrwkopie,' vol. i. p. 175. 
t * Nature,' vol. xviiL p. 5(H. 
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of the late Claude Bernard. These notes, to quote M. Pasteur's 
words, ^ are an absolute oondemnation, without any restriction, of my 
yiews on the subject of fermentation in general, and alcoholic fer- 
mentation in particular." M. Pasteur took the matter up with some 
warmth, and the 'Comptes Eendus' of 22nd and 29th* July contain 
two communications which he made to the Academy, together with 
the rejoinders of M. Berthelot. M. Pasteur considers he has esta- 
blished that the notes of M. Bernard refer to experiments only just 
commenced, and which Bernard intended to repeat and check. This 
▼iew M. Berthelot does not appear to controyert. M. Pasteur con« 
dudes by saying that " he is resolved to repeat the experiments of 
Claude Bernard, and that on a scale and with a fulness of reisults worthy 
of the subject and the respect due to the deceased. M, Bertiielot 
applauds this resolution, and anticipates beneficial results to science, 
^ which lives by observations and contradictions. Since the dis- 
coveries of M. Pasteur have fixed our ideas of the origin and multi<- 
plication of the organized beings which propagate fermentations, a 
new problem has been presented. The point is to know whether the 
chemical change produced in every fermentation is not resolved into 
a fundamental reaction, excited by a definite special principle of the 
order of soluble ferments, which in general consumes itself propor- 
tionately to its production — that is, transforms itself chemically during 
the very accomplishment of the result which it causes. To recognize 
such a ferment, we must know how to isolate it ; that is, to ascertain 
the special conditions under which the soluble ferment is secreted in a 
greater proportion than it is consumed. 

The definite relation between the soluble ferment and the micro- 
scopic being which forms it has been pointed out, I believe, for the 
first time with precision, in my researches on the inverting ferment 
contained in the cells of beer-yeast. It has been found since in the 
ammoniacal fermentation of urea and elsewhere. It may be well to 
examine now whether it can be extended to alcoholic fermentation itself 
— that is, whether some particular condition can be discovered such as 
those which Claude Bernard seems to have perceived — a condition in 
which the matter which provokes the alcoholic decomposition of the 
sugar is formed in an excessive proportion, and consequently capable 
of being isolated. Alcoholic fermentation would then, as is the case 
already with most of the others, be brought back to the purely 
chemical actions." 

The Structure of the Brain in different Orders of Lueeta. — The 
Supplementary vol. xxx. of Siebold and EoUiker's ' Zeitschrift fur 
Wissenschaftliche Zoologie,' contains an elaborate article by J. H. 
L. Flogel, illustrated by a number of microphotographs. This and 
Dietl's excellent paper, published in 1876, are the only treatises on 
the minute structure of the brain of insects, Owskianikof having 
studied that of the spiny lobster PaUnurua several years ago, while 
Dietl studied the brain of AsUicua, Flogel establishes three points 
as the results of his researches. 

First, the constant presence of the remarkable central body in the 
mature insects of all orders, while it is almost absent in the larvao of 
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oppoBiie character to what ProfeflBor Barrett anticipated. With a 
solution of common aoap the pedetic motion becomes considerably 
more marked than before. I have obeerred this reenlt not only wi^ 
china clay and some other silicates, bat also with snch comparatively 
inert substances as the red oxide of iron, chalk, and even the heavy 
powder of barium carbonate. The last-named substance, one of those 
which we should least expect to dance about of its own accord^ gave 
a beautiful exhibition of the movement when mixed with a solution 
of about 1 per cent of soap, and viewed with a magnifying power of 
500 or 1000 diameters. 

The correctness of this result was also tested by observing the 
suspending power of solutions of soap-solution compared with water. 
If a little china clay be difiFused through common impure water, 
that, for instance, of the London Water Companies, the greater part 
of the day will soon be seen to collect together in small flocks and 
fall to the bottom in two or three hours, the water being almost dear. 
However, if about 1 per cent, be dissolved in the water, the behaviour of 
the clay is quite different. The larger particles soon subside, but the 
smaller ones remain diffused through the liquid for a long time^ 
giving it a milky appearance, quite different from the flocky and 
grainy appearance of the common water ; if 1 per cent of sodium 
carbonate be dissolved in common water, and china clay be mixed 
therewith, the subsidence of the clay is still more rapid, owing, as I 
have explained, to the increase in the electric conductivity of the 
fluid, and the consequent decrease of the pedosis. But I now And 
that if soap be added at the same time^ pedesis is not destroyed, but 
considerably increased, and the clay remains a long time in suspen- 
sion, two or three days at least. 

These facts give a complete explanation of the detergent power 
of soap. It has long seemed to me unaccountable that for cleansing 
purposes the comparatively neutral soap should be better than the 
alkaline carbonate by itself ; we are told that the alkali is but feebly 
combined with the stearic or other fatty acids. But why combine it at 
all if we need only the alkaline power of the base ? The fact is, that 
the detergent action of soap is due to pedesis, by which minute 
particles are loosened and diffused through the water so as to be 
readily carried off. Pure rain or distilled water has a high cleansing 
power, because it produces pedesis in a high degree. The hardness 
of impure water arises from the vast decrease of pedesis due to the 
salts in solution. Hence the inferior cleansing power of such water. 
If alkaline salts be added, dissolved in water, it becomes capable of 
acting upon oleaginous matter, but the pedetic power is lessened, not 
increased. But if the soap be added also, we have the advantage 
both of the alkali dissolving power, and of the pedetic deansing 
power. At the same time we have a clear explanation why silicate 
of soda is now largely used in making soap ; for I have diown, in 
the paper referred to, that silicated soda is one of the few universal 
substances which increase the pedetic and suspensive power of 
water. 
I believe that the detergent power of soap and water is one of 
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the many important phenomena which may be explained by the stady 
of pedesiB, and I propose to follow up the inyestigation of this move- 
ment in regard to the several sobstances which tend to increase it." 

The Preparation of Thin Sections of Objects of different Consistency, 
— In investigating ihe anatomy of corals Mr. G. von Koch, of 
Darmstadt fonnd the calcareous skeleton one of the greatest drawbacks 
to his researches, as it often prevented any obseryations of the struc- 
ture of these animals. Sections of decalcified pieces give good results 
only in special cases. Qenerally the decalcifying find stQl more the 
Bucceediug operations so disarrange the separate parts that their 
original relative positions can scarcely be recognized, and the structure 
of the calcareous parts is of course entirely lost. He applied the 
following method to overcome the difficulties, and obtained prepara- 
tions that would show very clearly the structure, form, and position 
of the different elements. Pieces as small as possible of the object 
to be cut are stained thoroughly, and after rinsing, all water is got 
rid of by means of weak and afterwards proof alcohol. The pieces 
are then put in a cup filled with a very thin solution of copal in 
chloroform. (This is easily made as follows: — Pound the coarse 
pieces of broken copal in a mortar with fine sand, pour chloroform 
over the fine powder thus obtained, and filter the solution.) Then 
slowly evaporate the copal solution by putting the cup on a piece 
of pottery ware, which is warmed by a common night-light. The 
slower the evaporation the better. When the solution can be drawn 
up in threads which become brittle on cooling, the pieces are taken 
out of the cup, and laid for some days on the ware to harden quicker. 
When they have become so hard that the edge of the finger-nails 
makes no impression, cut the pieces into thin sections with a saw, and 
grind them smooth and flat on an ordinary sharpening stone. Then 
cement the plates by their smooth sides to a slide by means of Oanada 
balsam or copal varnish, and lay them again on the warm plate. 
After some days, when the preparation has become firmly fixed, grind 
it first on a revolving grindstone (or a flat one), and then on a sharpen- 
ing stone until the section has acquired the right thinness. Wash 
the section well >^-ith water and add Canada balsam, and cover with a 
covering glass. 

If it is desired to show small quantities of organized substances 
in calcified tissues, the section is treated as above; but before the 
covering glass is put on it, it should be placed in chloroform till all 
the resin is drawn out, then carefully decalcified, and last of all 
coloured. The organic parts can be represented^still more beautifully 
and without the least change of position if the section, as described 
above, is freed of resin, then cemented with very thick Canada balsam 
to a slide, and the exposed half only carefully decalcified, then washed 
and stained. By this means he succeeded in showing, for example, the 
most delicate connectiveHSubstance-lamelled in the skeleton of Isis 
elongata,* 

Measurement of the Dihedral Angles of Microscopic Crystals. — 
M. Em. Bertrand, whose paper on this subject, presented to the French 

* * Zoologifloher Anzeiger,* vol. L p. 86. 



nOXBB ABD VEKOBAinDA* 275 

Academy, will be found at p. 217, has oontribated gome fiirther xemarks 
on the subject to the ^ Bulletin of the Mineralogical Society of France,' 
of which the following is a translation, omitting those parts which 
repeat what has already appeared in the ' Comptes Bendos/ 

" The eye-piece which enables the observer to make sure that one 
of the faces of the crystal has its projection perpendicular to the zero 
plane (described in the prcYions article), has been slightly modified 
with the view of obtaining greater sensibility. It is composed of a 
cylinder of flint of 6 centimetres long, to the middle of which is fixed, 
by Canada balsam, a plate of crown of the ^th of a millimetre thick. 
The flint having a greater, and the crown a smaller refractive index 
than that of the balsam, it will be seen that the upper part of the 
cylinder being placed at the focus of the upper lens of the eye-piece, 
two reticles will appear very close and piundlel, and the interior of 
these two reticles will be illuminated if the face of the crystal has its 
projection perpendicular to the zero plane of the microscope. How- 
ever little the crystal is turned to the right or left from this position, 
the part comprised between the two reticles will cease to be illumi- 
nated, whilst the ^exterior part will be more strongly illuminated 
either on the right or left according as the crystal has been turned. 

The possible error is given by the value of the angle whose sine 
is 7^ ; this angle is less tiban 10', and as two readings can be made by 
turning the crystal to the right or left successively until the interval 
between the two reticles is completely darkened, the error is reduced 
to 5'. 

Measurements made on crystals of ^ to ^ of a millimetre have 
given results correct within 6 . 

The smaller the face of the crystal is, the greater, of course, will 
be the sensibility of the process. If a face is observed which is not very 
small, this face will reflect light into the microscope obliquely to the 
optic axis of the apparatus even when the projection of the face of the 
crystal on the horizontal plane is perpendicular to the zero plane, 
and this oblique light will destroy the clearness of the phenomenon ; 
whilst if the face is very small, all the light reflected by it will be 
sensibly parallel to the zero plane of the microscope. Moreover, 
when the face of the crystal is not very large, its image is seen 
in the microscope on both sides of the double reticle when this 
face has its projection perpendicular to the zero plane ; but on 'a 
slight rotation of the stage to one side or the other of the correct 
position, the image disappears either to the right or the left of the 
double reticle, and remaius visible on one side only. This dis- 
appearance of one half of the image in conjunction with the extinction 
of the part comprised between the two reticles renders the observation 
very easy. It is sufficient therefore to employ magnifying- powers 
proportionate to the size of the crystal, so that the sides of the face 
observed should appear in the microscope to be about 2 mm. The 
difficulty in the use of high powers is their short focus, which pre- 
vents good illumination. Crystals of about y^ mm. may be 
measured, but for smaller ones the process ceases to be applicable." 

M. Bertrand also explains his mode of illumination to be to place 
a luminous slit of about BO centimetres long before the microscope 
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Tory exactly in the zero plane, whidh illmninaiee the ciystal from the 
horizontal direction np to one of abont 70°. By a mirror applied hori- 
zontally to the cube the crystal can be iUuminated with the same slit by 
means of the reflected rays from the horizontal direction to one abont 
70° downwards. In this way there will always be a Inminons point 
reflected by the crystal along the axis of the microscope, provided 
that the face of the crystal mi^es with the stage an angle between 10^ 
and 80% and as it is sufficient to measure two of the angles a, b, e, and 
two of tiie angles a, /3, y, the measurement will always be possible, for 
if the face of the crystal should make with one of the fiices of the 
cube an angle less than 10° or greater than 80°, this face will make 
with two other faces of the cube an angle comprised between 10^ and 
80°. 

The Microsci^ applied to the Phenomena of Double BefracHon, — 
In the same article M. Bertrand describes a method which he makes 
use of when greater sensibility is required than is obtained by the 
use of two crossed Nicols only. This consists of a thin plate made 
of four sections of quartz, alternately right and left handed, placed 
in the eye-piece of the microscope. This plate, of about 2i mm. in 
thickness, gives between the crossed Nicols a field slightly bluish and 
uniformly illuminated ; but when a doubly refracting body is examined, 
the four sections present colours alternately blue and yellow, except 
in the position in which, by the ordinary method of obserration, the 
field would be dark. In this latter case tiie sections remain uniformly 
illuminated, and of the same tint. 

This method is, on the whole, much more sensitive than that of 
simple extinction, inasmuch as two different colours, illuminated and 
side by side, have to be compared ; whilst when we have to estimate 
what is the position which gives the maxitnum extinction, two obscu- 
rities are compared, not by the side of each other, but one after the 
other. The same object can, however, be observed by the ordinary 
method of extinction and by that now described (using either the ordi- 
nary or the quartz eye-piece), and thus the results checked. 

The Causes of Buzzing in Insects, — M. J. Perez is the author of 
the following : — 

<< Since titie experiments of Ghabrier, Burmeister, Landois, &a, the 
buzzing of insects has been ascribed to the vibrations of the air 
rubbing against the edges of the stigmatic orifices of the thorax, 
under the action of the motor muscles of the wings. These latter 
organs play only a very small part in the phenomenon by modifying 
more or less the sound produced by the respiratory organs. 

I have repeated all the experiments of these authors : they have 
not always given me the results stated, or I Iwve thought it possible 
to draw from them a conclusion different from theirs. 

1. It is quite true that by sticking together the wings of a fly 
{Sarcophaga camaria) as Chabrier has done, we do not prevent the 
sound from being produced ; but it is not the fact that the wings can 
thus be kept completely motionless. The flexibility of these organs 
enables them at their base, where free, to obey the contractions of 
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the muaoles of fli^t ; tiuB base Tibraies and the buzzing is produced. 
But all buzzing ceases if any moyement of these organs is rendered 
impossible, by holding the wings tightly pressed together oyer as 
large a surface as possible, so as to exert a certain strain on their base. 
In whatever manner the wings are held, provided that they are com- 
pletely motionless, the buzzing ceases absolutely, contrary to the 
opinion of Hunter. 

2. By removing the scaly parts with which the circumference of 
the stigmata is fi:inged, the buzzing, tea from being annulled, as 
Chabrier affirms, is not in any way modified, provided that the opera- 
tion has not weakened the animal sensibly. 

8. The respiratory organs may be injured in different ways, and 
more or less seriously; solid bodies of considerable size may be 
introduced, without preventing the buzzing or changing its * timbre.' 

4. If the thoracic stigmata are hermetically closed, as Burmeister 
has done, the buzzing is not in any way extinguished; it is only 
weakened in proportion to the weakening of the fdght itself. 

There are then produced, especiaUy among the Diptera, effects 
which deserve notice. The animal becomes slow and lazy; it no 
longer willingly flies. If it does so, its ill-sustained flight is not long 
before it stops, then the insect succumbs and no longer gives signs of 
life. 

I once saw an Eristal (E. ienax)^ which having briskly escaped 
from my fingers, towards tiie window, immediately after the closing 
of the stigmata, fell motionless at my feet, entirely exhausted by a 
flight of a few centimetres. This result does not always follow so 
suddenly, but it never fails to supervene after a few repeated attempts 
at flight. It is easily explained by the complete absorption of the 
provision of oxygen contained in tiie trache» of the thorax, in con- 
sequence of the contractions of the muscles of flight. It is a true 
asphyxia. At the expiration of some minutes, however, the fly returns 
to life, owing to the mflux of air through the abdomen into the thorax. 
The animal may then again attempt to fly, or at least to walk, but it 
is never long before death finally supervenes. These effects are so 
constant and so easily obtained, that it is really surprising that no 
experimenter has noticed them. 

The causes of the buzzing certainly reside in the wings. It has 
been recognized for a long time that the cutting of these organs, 
effected more or lees dose to their insertion, exercises a more or less 
marked influence on the buzzing. It becomes thinner and sharper ; 
the Umbre itself is considerably modified. It loses the mellowness 
due to the friction of the air on the edges of the wings, and becomes 
in some degree nasaL The timbre perceived under these circum- 
stances recalls that of certain reed instruments, or, better still, that of 
certain electrical contact-breakers, and in no way resembles the sound 
which the passage of air through an orifice may produce. This sound, 
on the contrary, agrees entirely with the repeated beatings of the 
wing-stump against the solid parts which surround it, or of the homy 
pieces which it contains {oudets radicaux of Chabrier) against each 
other. 
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If a slightly fluid sabstanoe, whioh only dries slowly in the air, is 
coated over the wing-stninp of an animal, operated upon in the 
manner just deacribed, the preceding Bound is sensibly deadened, 
without the stigmata being in any way modified, or the moTement of 
the wings impeded. 

When the section indndes the stmnp itself, the sound becomes 
sharper and weaker. It ceases as soon as a sensitive part is reached ; 
but, as may easily be made eyident, it is only because the animal then 
ceases to execute movements which have become painful. 

To sum up, in the Hymenoptera and the Diptera the buzzing is 
due to two distinct causes ; the one being the vibrations of which the 
articulation of the wing is the seat, and which constitute the real 
buzzing ; the other, the friction of the wings against the air, an effect 
which more or less modifies the former. It would not be impossible, 
after these data, to reproduce artificially the buzzing of these animals, 
and I have some hope of succeeding. 

Among the powerful-winged Lepidoptera, such as the Sphinxes, 
the soft and mellow humming which these animals fnake is only due . 
to the rustling of the air by their wings. This sound, always grave, 
is the only one produced ; it is not accompanied by basilary beatings, 
owing to a special organization, and chiefly to the presence of scales. 

Among the LibeUul® also, the base of whose wings is furnished 
with soft and fleshy parts, there does not exist any real buzzing, but a 
simple noise due to ihe rustling of the organs of flight." * 

Although the following paragraph has now gone the round of 
the provincial ^and some London) papers, having appeared in the 
* Times ' of 17tn September, it will not be inappropriate to reprint it 
here in juxtaposition with the above note of M. Perez which appeared 
in the * Comptes Bendus ' of 2nd September : — 

" The old naturalists thought generally that the buzzing of insects 
was produced by the vibrations of the wing, but they had scarcely 
attempted to analyze this phenomenon, and their opinion was abandoned 
when Beaumur diowed iliat when the wings are cut a blow-fly con- 
tinues to buzz. Other explanations of the phenomenon have been 
advanced by various natuialiBts, but none of them are satisfiMstory. 
M. Jousset de Bellesme has been making some investigations on the 
subject, and, after proving that previous theories are unsatisfactory, he 
describee the results of his own researches. To avoid confusion, it 
should be distinctly understood what is meant by buzzing. In the 
scientiflc acceptation it means to imitate the sound of the humble-bee^ 
which is the type of buzzing insects. But the humble-bee gives out two 
very different sounds, which are an octave of each other — a grave sound 
when it flies and a i^arp sound when it alights. We say, then, that 
buzzing is the faculty of insects te produced two sounds at an octave. 
This definition limits the phenomenon to the Hymenoptera and the 
Diptera. The Coleoptera often produce in flying a grave and dull sound, 
but they are powerless to emit the sharp sound, and consequently do 
not buzz. There are two or three ascertained facts which will serve 
as guides in the interpretation of the phenomenon. Firsts it is indis- 

* < Comptes Bendus,' toL bLzxvii. p. 878. 



KOXBS AUD umcoRAirDA. 279 

pntable that the graye'soimd ftlways aooompanies the great vibrations 
of the wings, which serve for the translation of the insect. It is easily 
seen that this sound commences as soon as the wings begin to move, 
and that if the wings be cut off it disappears entirely. The shfurp 
sound is never, on the contrary, produced daring flight ; it is only 
observed apart from the great vibrations of the wings when the insect 
alights, or when it is held so as to hinder its movement, and in that 
case the wing is seen to be animated by a rapid trembling. It is also 
produced when the wings are entirely taken away. From these two 
remarks we may draw tiie conclusion that the grave sound belongs 
properly to the wings, that it is caused by their movements of great 
amplitude. There is here no difficulty. As to the sharp sound, it is 
certainly not produced by the wings, since it survives the absence of 
these. Yet the wings participate in it and undergo a particular trem- 
bling during the production of this sound. To discover the cause it is 
necessary to go back to the mechanism of the movement of the wing. 
It is known that among nearly all insects the muscles which serve for 
flight are not inserted in the wing itself, but in the parts of the thorax 
which support it, and that it is the movement of these which acts on 
the wing and makes it vibrate. The form of the thorax changes with 
each movement of the wing under the influence of the contraction of the 
thoracic musdes. The muscular masses intended for flight being very 
powerful, this vibratory movement of the thorax is very intense, as may 
be proved by holding one of these insects between the fingers. But as 
the vibrations are repeated two or three hundred times peir second, 
they give rise to a musical sound, which is the sharp note. In fact, 
the air which surrounds the thorax is set in vibration by that directly, 
and without the wing taking part in it. There are then two simulta- 
neous sounds, one produced by the vibration of the wings and the 
other by the thoracic vibration, the latter twice as rapid as the former, 
and therefore an octave. This is why in flight only a single grave 
sound is heard. When the thorax moves alone, a sharp sotmd is 
produced. This, M. de BeUesme believes, is the only explanation 
that can be given of the mode of production of the two sounds which 
constitute buzzing." * 

The Septiciiy of Putrefied Blood. — ^The following note was pre- 
sented to the French Academy in July by M. V. Feltz : — *' I showed 
experimentally in 1876 that putrefied septic blood subjected for 
several days to the contact (or passage) of pure oxygen seems to 
become lees poisonous, and that it differs from the initial blood by a 
diminution of the movements of the vibrions. I also established in 
1877 that pure oxygen compressed at a high tension during thirty and 
fifty days destroyed the oscillating rods and the vibrions of putrefied 
blood, but that it had no effect on the corpuscular germs or conoidal 
spores, which explains the power of the septicity. I have had the 
good fortune to agree on this point with M. Pasteur, who expresses 
himself thus in his * Theory of Qerms :' — 

* Apparently a Bommary of a paper read before the French Association for 
the Adyancement of the Scieinoes, in August. 
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* Tbe yibrion is killed by the oxygen, and it is only when it is 
in bulk that it is transformed in presence of this gas into cor- 
pascnlar germs, and that its Timlence can perpetuate itself.' 

Compressed oxygen killing the adult vibrions, 1 have desired to 
know whether it would not also kill the germs by keeping up the 
compression at high tension for a longer time. 

Conclusion : The action of oxygen compressed at a high tension 
and maintained for a long time, acts upon putrefied septic blood in 
the same way as a temperature of 16(P. It destroys the vibrions and 
the germs in which the septicity of the liquid is inherent."* 

Escape of small Animals from Aquaria. — The following simple 
method of preyenting small animals which swim about in an aquarium 
being carried away with the water has been successfully employed in 
the zoological station of Naples. The water is conducted away, 
either by a tube proceeding from the bottom of the basin to the 
surface, or by a siphon having the end of discharge bent up again to 
the desired water-level. In order that the small animals may not be 
carried away by the stream flowing through the tube or the siphon, 
these latter are surrounded by a cylinder whose lower end is sunk 
into the sand covering the bottom, whilst the upper end projects above 
the BurfEUse of the water. By this means the water is filtered by the 
sand before it reaches the orifice of the tube which draws it off. As 
regards the width of the cylinder, it is to be remarked that with 
coarse sand and a weak stream it need not be large; on the other 
hand, the stronger the stream is, and the finer the sand, the larger 
ought the cylinder to be, to allow as much water to flow away as is 
introduced in the same time. In applying the siphon as above 
described, it is advisable not to let the end which draws off the water 
reach the bottom of the aquarium, as otherwise sand might be drawn 
up into the siphon, and possibly stop it up. It is sufficient if the 
inner arm reach to the level of the bend in the outer amuf 

A New Farm of Micrometer. — In No. 37 of the * Journal of the 
Quekett Microscopical Club,' Mr. G. J. Burch explains in detail the 
construction and use of a micrometer which he has devised, and which 
he claims to be easy to make and equal in accuracy to all other 
micrometers except the Cobweb. 

The principle on which it is based, is the comparison of the re- 
flection of a Bosle with the image of the object. It consists of a cap 
fitting over the eye-piece, containing a piece of neutral-tint glass (or 
looking glass, with the amalgam removed in the centre) set dia- 
gonally, so as to reflect to the eye the image of a scale which is 
carried by an arm ten inches long attached to the cap, the object 
being observed through the eye-piece in the usual way. 

To adjust the scale so that it may read decimals of an inch, &c., 
it is moved on the arm nearer to, or further from the eye, till on ad- 
justing the focus so that the apparent distance of the two images may 

* 'Oomptes RenduB,' vol. Ixzzvii. p. 117. 

t Dr. Bpengel in * Zoologischer Auieiger,' vol. i. p. 106. 
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coincide, every tenth division on the scale shall cover the y^th or 
1-Q^th of the stage micrometer according to the power used. 

The Nutrition of Insects. — " I undertook, in September 1877, a series 
of researches on the nutrition of invertebrate animals, especially 
insects. My studies bore on the gaseous exchanges with the atmo- 
sphere at different periods of metamorphosis. 

I shall only call the attention of the Academy at present to 
the variations in the weight of the animal, above all, in the 
nymph or chrysalis state, in which the excreta are almost entirely 
gaseous. 

If we trace a curve, taking for abscissad the times, and for ordi- 
nates the weights, from the egg to the perfect state, we find : — 

1. In the larval state the ordinates grow rapidly, to a maximum 
.which corresponds to the moment when the larva ceases to feed ; the 

curve has the form of a sinusoid, with a few irregularities at the times 
of casting the skin; beyond the maximum the ordinates decrease, 
forming a descending branch of another sinusoid. 

2. This curve continues during the early times of the nymph; 
but starting from the ' confirmed state ' of M. Dufour, when, in the 
Lepidoptera and Diptera which I studied (Bomhyx mori, Musca 
vomitoriay &c.), the weight is i educed to half the value which it had 
attained in the larva, the variations become much smaller, the curve 
is changed into a straight line slightly inclined to the axis which re- 
presents the times ; the inclination always increases in the latter days 
of the nymph. 

3. At the moment of escape, there is an abrupt diminution of 
weight by the loss of the envelopes. During the short state of im- 
maturity there are rapid alternations of augmentation and diminution 
of weight. (Here foUows a diagram of the curve.) 

4. In the perfect state and when the animal is taking food, there 
'are successive augmentations of weight, which may reach and surpass 

the maximum weight of the larva, and become almost triple what it 
was at the time of escape ; there are, moreover, temporary variations 
of this weight, in different conditions of movement or repose, of light 
or darkness, &o. In the animal subjected to starvation from the time 
of escape, death supervenes after a loss of weight, which in different 
individuals belonging to the same species, is a sensibly constant frac- 
tion — among the Diptera about half the initial weight. 

The investigations above mentioned as to the gaseous exchanges, 
allow of the explanation of the greater number of these facts, which 
throw light on the physiology of invertebrate animals." * 

Parasites on a Diatom. — M. Guimard, a corresponding member of 
the Belgian Microscopical Society, communicated to the Society, at 
their July meeting, a circumstance that he observed in examining 
some diatoms, mostly consisting of PinnvHariay which he gathered at 
the seaside. He was astonished to see a great number of the diatoms 
covered by small bodies of a yellowish brown colour, and moving 
with great rapidity. With a No. 5 of Nachet they were seen to have 

* M. L. Joulin, in ' Gomptes Rendns/ yo\, Izzxvii. p. 334. 
VOL. 1. X 
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a rectangular body, and contained in their interior a yellowish brown 
matter, with globules of a deeper colonr, and resembling the ordinary 
endochrome of the diatoms. At each of the four angles was a long 
hyaline arm, of great mobility. Seen in profile, the body presented 
the form of an elongated oval. M. Guimard, who considers them to 
be parasites, adds that they were endowed with extraordinary agility, 
and by means of their long and flexible appendages explored all the 
parts of the frustules. A woodcut accompanies the paper.* 

Mode of Development of the Tentacles in Hydra. — Mr. Meresch- 
kowsky recently expressed the opinion that the fundamental number of 
the organs in the Hydroids (that is the number which enters into the 
composition of all the other numbers) was not foar, but two, arriving 
at this opinion partly from facts which had shown him that the appear- 
ance and sometimes the disappearance of the organs takes place so . 
that they appear or disappear simultaneously two at a time. Observa- 
tions on the mode of production of the tentacles in Hydra vulgaris 
and H. oligactis, he considers, serve to confirm this opinion, and to 
establish a general law which governs the formation and the order of 
appearance of every organ in this class. 

The order of the appearance of the tentacles he finds as the result 
of his observations (which extended to three complete pairs) to be 
this: — 

The first two appear at the same time and (what is especially 
remarkable) are arranged opposite to each other ; the others also appear 
in pairs, and are also arranged opposite one another ; they do not, 
however, appear together, the second tentacle of each pair always 
appears later than the first, and this retardation is much greater in 
the third pair than in the second. 

This curious mode of appearance of the tentacles in the genus is, 
so far as known to the author, peculiar to it, and does not occur else- 
where among the Hydroida, in which we observe three types of de* 
velopment, viz.: — (1) Appearance in pairs ; (2) Appearance by four at 
a time; and (3) Appearance of all the tentacles at once, as for 
example in Tubularia. This exceptional case would serve very well to 
explain the fact (which is also exceptional) that in Hydra we very often 
observe the nmnber seven, which does not accord with the formula 
2 X n that in general characterizes all the Coelenterata. In fact, if 
the sixth tentacle does not appear until long after the fifth, we may 
expect that in the fourth pair of tentacles the seventh will appear 
earlier than the eighth, and that this last will be delayed much more 
than was the sixth. It is in this way that we find a variable number of 
tentacles in the different species of Hydra, sometimes six, seven, eight, 
or even more. It may well be supposed that the individual sometimes 
dies before having had time to acquire an eighth tentacle. But there is 
no reason for thinking that the number of tentacles in Hydra is subject 
to such variations that it cannot be governed by any law. We may 
easily see that the facts are subjected to a general law, although, 
owing to their great complexity, the law does not strike one at once, 

* ' Bulletin de la Sooi^t^ Beige de Microaoopie/ vol. iv. p. 304. 
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and can onlj be ascertained by carefully studying the genesis of the 
animals.* 

Fluid Mounting. — At the April Meeting of the Microscopical 
. Section of the Troy (U.S.) Scientific Association, the Rev. A. B. 
Hervey described a method, which he had recently devised. In 
his study of the AlgsB and Lichens he had been troubled, as others 
have been, by the difficulty of permanently mounting specimens 
while studying them, without waste of time or change of arrange- 
ments. Most of the methods of mounting either ruin such 
objects entirely or else require considerable time, care, and special 
appliances that are troublesome to a busy student, and therefore 
instructive specimens are lost. The objects may be transferred 
from water to Farranfs solution of gum and glycerine, and mounted 
< without delay ; but the structure is not well preserved, and air 
bubbles are likely to be obstinately present. The objects show best 
in distilled water, sea-water, camphor-water, &c. ; and to mount them 
instantly and with uniform success he prepares cells of the gum and 
glycerine solution put on by means of the turn-table in the usual 
way. Having made cells of the required depth, and laid them aside 
until thoroughly dry, the inner half of the width of the cell is 
varnished on the turn-table with gold size, which is also allowed time 
to dry perfectly. Objects in water are arranged and covered in these 
cells with ease, and are ready after lying aside for a time varying 
from a few minutes to a few hours, to receive a coat of gold size or 
other varnish, the fluid that exudes from the cell in pressing down the 
cover-glass having dissolved enough of the gum cell to hold the cover 
in position. It has not been found that the cell is too much affected 
by the fluid ; but if it should be so, the cell could be made of the usual 
cements, insoluble in water, and then coated with a thin layer of gum.f 

Influence of Temperature on the Optical Constanta of Qlass, — In an 
article in the 'American Journal of Science and Arts' (April), 
Mr. 0. S. Hastings gives the results of some investigations which he 
has made on this subject. " The most surprising fact," he considers, 
"which these results point out is that the variation in dispersive 
power attending variation in temperature is relatively enormously 
greater than that of the refractive power, a fact which has, he believes, 
escaped attention heretofore. It could hardly have escaped unheeded, 
however, did not. a singular relation obtain iu the coefficients. 
The dispersive powers of three specimens of glass (flint, sp. gr. 
8 '654; do. sp. gr. 3*151; crown, sp. gr. 2*482) computed in the 
ordinary way, are as 9 : 8 : 6 nearly, while the coefficients in question 
are as 9 : 6 : 5 nearly ; hence if this relation holds approximately for 
all optical glasses, as is probable, an achromatic combination good for 
one temperature is good for all others within moderate limits." 

Protecting Gap for Focussing under Water, — This, which was 
described in ' M. M. J.,' vol. viii. p. 44, appears to have been recently 
re-invented, under the name of '* Dudgeon's Submersion Cap." 

* ' Ann. and Mag. Nat. Hist,' ser. v. vol. ii. p. 251. 
t *The Ameiioan NatnialiBt,' vol. zii. p. 333. 
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The Optic Bod in the Crustacea arid Annelida. — The following are 
the '* conolnsions " of M. Joannes Ghatin, in bis article on thia subject 
in ibe * Annales des Sciences Natnrelles ' (Zoology), 6tb series^ vol. yii. 
p. 81 :— 

'' In attempting to sum np tbe principal results, we see tbat tbe 
optic rod of tbe Crustacea presents general characters wbicb are con- 
stant in tbe wbole class, and also arrangements either special or of 
variable importance wbicb differ according to tbe types examined. This 
should suffice to show tbe danger of the method too often followed, 
and according to which the observation of a few insects may furnish 
results capable of being immediately extended to tbe whole of the 
Arthropoda. 

Limited externally by tbe ' cornea,' terminating internally in tbe 
ganglion of tbe optic nerve, the rod presents two very distinct parts, 
of wbicb the characters as well as tbe importance differ notably — tbe 
one, internal and more or less slender, deserves more especially the 
name of rod ; tbe other, external, short and swollen, but of variable 
shape, is tbe cone. 

It is needless to recall here the general characters of tbe latter, 
and tbe signification of the central line in which it has been attempted 
to show tbe analogue of tbe filament of Bitter ; but as far as regards 
the rod, I insist particularly on the value which it is proper to attribute 
to its transversal strisB, which do not in any way indicate a contractile 
tunic, but are proper to the rod which may be separated into a certain 
number of disks thus marked out. This disposition establishes a 
close relationship between tbe optic rod of the Articulata, and tbe rod 
of the Vertebrata,* 

Such is, in short, the structure of tbe rod in tbe generality of tbe 
class ; if we go back to the different types studied, tbe principal forms 
which it there presents can easily be recalled. In Asta^sva^ SguiUa^ 
Pagurus, EupagunUy and Paguristes, rods are met with, whose con- 
stitution is really higher, as many details show. Tbe Cypridina 
offer analogous dispositions, but seem, however, to tend towards a 
close histological simplification; this is partiaplarly marked in 
Typton, and more clearly still in Lydanassa^ where tbe rod shows no 
transversal striie and tbe cellules of Semper are represented only by a 
dark spot, from an early period of development. 

Notopterophorua and CapreUa scarcely differ from tbe types last 
studied, but as much cannot be said of ^^meria^ in wbicb tbe organic 
degradation is marked in a considerable degree, and leads to extremely 
simple forms which in lAchomolgus become still more rudimentary. 

This rapid outline reminds us of the manner in which the study 
of the Crustacea has led us progressively to more and more simple 
bacillary elements. Moreover, and without wishing to enter here 
into tbe discussion of the theories to which I allude, we know the 
important part which many contemporary zoologists accord to tbe 
existing too heterogeneous series of Worms, whose ensembU would 
constitute a kind of * groupe de depart ' allied by a close affinity to 

* It is known that the researobes of Boll have recently confirmed my o?m 
oheervatioBs. 
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other branches. This opinion seems especially defensible when we 
examine the yisaal organ, which may, in these species, assume very 
distinct forms, and some of which recall the eyes of the Mollusca 
or of the Yertebrata, whilst others may be compared to the optic 
point of lower animals. These considerations have naturally led me 
to investigate whether in this group of Worms some types might not 
be met with, possessing rods analogous to those of the Crustacea. 

The results which are found to justify this hypothesis are known. 
Among the Yermilia we have found eyes exactly comparable to those 
of the Lichomolgus, and reduced to two elements so similar to the rod 
of the Crustacea, that the same name cannot be withheld from them. 
Among ProttUay Psygmobranchus, &c., one alone of these bodies suffices 
to constitute the organ, whilst the study of Dasychone recalls a more 
elevated form, that of Epimeria, for example. 

Often among the Crustacea, as I have mentioned with reference to 
the Lichomolgus, &c., the rods may originate from a common pigmen« 
tiferous base. But what is such an arrangement if not the exact 
representation of that presented to us by various worms (Protula 
irUestinum, Vermilia clavigera, <&c.)? The analogies go on multi- 
plying in this way as one advances in the study, and thus show in the 
strongest manner the close relationship whidi exists between the 
optical elements of these diverse animals. 

Such are the principal results of my researches ; these, however, 
must not be regarded as forming a complete history of the optic rod, 
to the study of which I have only attempted to bring some new facts. 
I hope soon to be able to complete them by a new series of observa- 
tions and experiments instituted with the view to the study of the 
development of the rod, and to determine what characters and what 
relatione it may present in the different ocular forms." 

The Minute Structure of Stromatopora and its AUies. — Professor 
H. AUeyne Nicholson and Dr. J. Murie have made a lengthy com- 
munication to the Linnean Society on the above subject. StroTna- 
topora they point out, even at the present moment, occupies a 
most unsettled and uncertain position, while hints and doubts flow 
freely as to whether it be allied to the Calcareous or. the Siliceous 
Sponges, to the Foraminifera, to the Corals, to the Hydrozoa, or to 
the Polyzoa, or whether it may not be a heterogeneous assemblage 
of dissimilar forms, or perhaps the representative of a special and now 
extinct group of organisms. Unfortunately, the animal itself cannot 
be appealed to as affording evidence toM^brds the solution of this 
problem, the remains of its habitation, or its skeletal structures alone 
offering data upon which any judgment on this disputed point may be 
arrived at. Their object is to present the results of a careful exami- 
nation of a large number of specimens and sections of different forms 
of Stromatopora and of related groups. These results, it is hoped, 
will serve to throw some light upon the anatomy and systematic 
position of Stromatoporoids, though, as a matter of course, some 
points have necessiirily been left doubtful or unsettled to a large 
extent, owing to the impossibility of obtaining access to many of the 
original specimens described by earlier observers. 
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Appended to the paper is the following stumnary of the author's 
conclusions : — " In this communication we have first given an epitome 
of the very diverse views held regarding Stromaiopora up to the 
present time. We then treat of its fossil state, and show that, although 
the remains have heen preserved in several mineral conditions, never- 
theless the skeletal organization originally has been solely of a 
calcareous nature. We further contribute data bearing on the struc- 
tural peculiarities, not only exteriorly and general, but as elucidated 
by microscopic research. It results that neither are the horizontal 
laminsd always porous, nor the vertical pillars usually tubular, as 
some have asserted. In one peculiar aberrant form, Cannopora, there 
are, in addition, large thick walled tubes penetrating the mass 
vertically, and undoubtedly belonging to the organism itself. In 
some forms, notably the genus Stromatocerium, there is a system of 
more or less perpendicular canals and lacunsB without walls ; in 
others there is a paucity or even absence of such, though, in most, 
smaller and larger apertures open superficially. A further system of 
stellate obliquely-disposed canals exists, in many forms, both deeply 
and on the surface of the outer layers. While the typical Stramato' 
pora are characterized by horizontal laminaa, supported by short 
upright pillars enclosing cuboid chambers or cells, some take on 
a vesicular character (Claihrodictyon), and others (Pachystroma) are 
destitute of pillars. Still other examples, essentially Stromatoporoid 
in aspect, &c., assume a more indefinite minute structure, with a 
tendency, to a reticulate or trabecular formation. In certain forms 
(notably Stylodictyon) a columnar character obtains, the chambers 
showing a concentric arrangement round a dense but reticulate 
centre. Thus by their intimate structural peculiarities we attempt a 
tentative classification, wherein we can distinguish at least seven types 
of construction, which we rank provisionally as genera, and we 
describe en passant a few new and remarkable species. 

In discussing the affinities of Stromaiopora and its allies, we 
bring forward such evidence and argument as we believe is sufficient 
to warrant our excluding them in the meanwhile from alliance with 
the Nullipores, the Foraminifera, the Hexactinellid Sponges, the 
Folyzoa, the Corals, and certain fossil forms of uncertain affinities. 
As respects their Hydrozoal connection, we express ourselves with 
greater reticence, inasmuch as in both Hydractinia and MiUepora not 
only are there certain superficial resemblances of considerable im- 
portance, but through the curious divergent form Cannopora structural 
peculiarities present themselves which possibly point to Hydrozoal 
relationships. Moreover, Mr. Garter's late very shrewd observations 
among the chitinous and calcareous HydractinicB necessarily render the 
object at issue open to further research before the decided negative 
can be affirmed. Mr. Moselcy's * able investigations on the Hydro- 
corallinae during the * Challenger' Expedition, while they yield 
valuable hints, do not yet afford all that is desirable to unravel the 
knotty point. It is possible, though, that his future investigations of 
the ample material brought home may supply facts bearing more 
• * Phil. Trand.,' 1876, vol cbtvi. pp. 91-129, pla. 8 and 9. 
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directly on the skeletal stractnre of the fossil Stromatoporoids. 
Lastly, respecting Sponge alliance, we are beset by obstacles, for 
neither do the Homy, Siliceous, nor Calcareous divisions, recent or 
fossil, 80 far as present knowledge extends, supply us with stable 
data whereon to assert identity. By reason of the nature of the 
skeletal basis the two former groups are necessarily excluded ; while 
total absence of spicules in the Stromatoporie, as widely understood, 
renders it impossible to class them unconditionally with the Calca- 
reous order of the Sponges. But seeing that Hydrozoal construction, 
with its tubular zooidal cavities, tabular, &c., has not been shown to 
exist in the typical ^orms of the Stromatoporoids, and that neither in 
Mill^^a nor Hydractinia, &c., so feur as we are aware, does such a 
system of intercommunicating passages and occasionally lacunsB 
without walls obtain, as exemplified in Stromaiocerium^ &c, we are 
cdhstrained to adopt the parallel of the Siliceous Sponges with fused 
and adnate spicules, and assume the existence in times past of a Calca- 
reous group of -the class Spongida with a continuous skeleton com- 
posed of non-spicular granular calcareous matter. We are, however, 
by no means prejudiced, but hold ourselves open to conviction ; for 
if hereafter it be demonstrated that the canal systems, <&c., of 
the StronuUoporcB are not normal productions, as we at present 
believe them to be beyond any reasonable doubt, but 'branching 
canals bored by some low vegetable organism,' as Moseley (Z. c. 
p. 116) avers is the case in Millepara and PodUopora, &o., and, 
furthermore, that other structural Stromatoporoid peculiarities are 
present in undoubted members of the Hydrozoa, then we shall be 
willing to admit their alliance with the latter, though certainly they 
are aberrant types. With our present imperfect knowledge, and taking 
into account all the data for and against, we must at present regard 
them as a group per se, or, as we think justifiable on the positive and 
negative evidence, a new section of the Calcareous Sponges, for which 
we propose the term Stromatoporoidea." * 

The Compound Microscope applied to the Examination of Electric 
Discharge in Gases, — In * Nature ' for September 19 th f is figured and 
described the microscope devised by Drs. Warren De La Bue and 
Hugo W. Muller for this purpose. The body of the microscope is 
composed of two tubes (that next to the eye made of ebonite, for 
protection against accidental shocks) bent at an angle for convenience 
of observation, and at the angle is placed a revolving mirror which 
can be rotated by a multiplying wheel so as to make 1000 revolutions 
in a minute. The microscope is furnished with special mechanism to 
adjust the focus and the field of view. 

Marine Excursion of the Birmingham Microscopical Society. — ^The 
second marine excursion took place on 19th to 27th July last, when 
twenty-eight members went to the island of Arran. A small steam 
yacht was chartered for the week ; and as the result of the dredgings 
a beautiful series of specimens was taken, including Luidia fragillisima 

* The ' Journal of the Linnean Soc.,' vol. xiv. (Zool.)i p. 187. 
t ' Nature,' vol. zyiil. p. 548. 
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and two or three Nudibrancbg new to the locality, and many interest- 
ing forms of marine life, notably Bipinnaria and Pluteus. The 
towing-net, on an improyed principle deyised by Mr. Henry Allport, 
was need successfully. 

Farasites of the Spongida. — Mr. H. J. Garter having examined all 
the specimens of sponges in the British Museum, together with those of 
Dr. Bowerbank, and with his own experience of living sponges, describes 
in the * Annals of Nat. Hist.' * those parasites which have come under 
his observation. The description extends to sixteen pages, and is 
included under the following heads : — 

Cbustaoeaks. 

Small Amphipod Crustaceans about -^ inch long not uncommonly 
nestle in the surface of some sponges in oval depressions, which in the 
absence of the animal may be taken for vents. 

Crustaceans are commonly found in the cloaca, and half-way 
through its aperture in Qrantta ciliata and O. eampre$9a, especiaUy 
towards the maturity of the gaatrulay which they devour greedily. 

ClBRIPBDBS. 

The Balanoid Cirripedes are perhaps the most common parasites of 
all, making use of every kind of sponge with the exception of the 
fleshy sponges (Camasa), and the calcareous ones (Calcarea) becoming 
ultimately overgrown by the sponge^ so as to form wartlike excres- 
cences, with a hole in the summit for the projection of the cirri. 

AOTINOZOA, OB POLTPS. 

In all parts of the world sponges are more or less infested by 
polyps, chiefly on the surface, which may be single, double, concate- 
nated or grouped, isolated or aggregated, simk to the level of the 
surface of the sponge, which they may infest without scleroderma or 
with it in the scleroderma on the surface of the sponge or pendent from 
the scleroderma, and all belong to the Zoanthidsa = Palylboa, Lamour 
= Zoantha of De BlainviUe. 

Htdbozoa, OB Htdboid Polyps. 

Extending into the deepest parts of the sponge, and in one instance 
entirely confined to the interior. 

ALOom Pabasites. — Seaweeds. It is not an uncommon occur- 
rence in some parts of the world for a seaweed to become a pseudo- 
morph of a sponge (to use a mineralogical term), in which the latter, 
like a ^* dissolving view," may be observed, though different specifiiensy 
to yield gradually to the former, so that at last the seaweed not only 
assumes the shape of the sponge generally, but that of the form and 
position of the vents and every other part of the sponge, saving the 
spicules or foreign bodies of a like natare, which thus are often the 
only remaining evidence of the kind of sponge that has been pseudo- 
morphosed. 

♦ 'Ann. Nat. Hist.,' 8cr. v. vol. ii. p. 167. 
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An amorphous Bed Alga (nndescribed) parasitic in Halichondfia 
plumoaa. 

Oscillatoria, 
Scytonema, 
Palmella spongiarum. 

SAPBOIiEGNISiE. 

Spongiophaga communis, A minute, short, nematoid filament, with 
a bulb at each end, which multiplying to an enormous extent, especially 
in the HircinicB, may become a psendomorph of the sponge it attacks, 
BO as to be mistaken for the sponge itself. 

Saprolegnious Mycelium. 

Under " Foreign Objects," Mr. Carter refers to a little prism of 
calcite banded occasionally with yellow, brown, red, or amethystine 
colours, separately or more or less united in the same prism, wluch so 
frequently occurs in the Psammonemata derived from the disintegration 
of thin i^reds like Orenatula pJiasianoptera, which are made up of 
similar prisms. 

Under Dendrites, he refers to the little colourless circular 
dendritic spots which appear on old kerataceous fibre, and whose 
structure is so minute, that under a ^ inch with high ocular it does not 
appear satisfactorily. All that can at present be stated of them is that 
they are composed of branched filaments which radiate from a central 
point, but whether they are algoid or fungoid, or what their real nature 
is, future observation must determine. 

A New Double Staining, — ^Dr. P. Schiefferdecker, of Rostock, 
describes in the ' Archiv f. Mik. Anat.,' vol. xv. p. 30, a process which 
he has used since 1876. He says : — " From my own experience, which 
has embraced almost all the tissues of animal structures, I can most 
warmly recommend it. I use the eosin, which Fischer introduced 
some time ago, and dahlia, methyl-violet, and anilin green. These 
have a very similar action, though sometimes they show definite 
specific di£ferences. 

The chief advantage of the new method is that in the compound 
organs the individual elements of the tissues or even different sections 
of the same tissue are very sharply distinguished by differences in 
colour which readily strike the eye, so that preparations for demon- 
stration may be produced with really surprising beauty. The different 
colours harmonize with each other, the method is easily and quickly 
applied, and the tissue may be hardened directly in the alcoholic 
eosin solution. The durability of the preparations is also satisfactory, 
although under certain restrictions. They will only bear to be mounted 
in varnish, and must be kept in the dark, as the light affects the eosin. 
The method can be applied both to preparations which have been 
hardened in alcohol or in chromic acid, or even its salts. The tint 
of the colours is, however, often different in the two cases. 

The procedure is as follows : — The eosin is used according to 
the directions of Fischer,* in an alcoholic solution, and 1 per cent, 
solutions in water are made of dahlia, methyl-violet, and aniline 

* * Arohiv f. Mikrosk. Anat/ vol. xii. p. 349. 
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green.* The section is stained in a small dish containing alcohol, to 
which a few drops of eosin have been added. Time various; from 
half an hour to several hours ; being left too long in the eosin is not 
detrimental. The section is then rinsed in water, whereby it loses 
some of the eosin, and is then laid in a watch-glass filled with a solu- 
tion of one of the other colours, and allowed to remain some minutes 
till it is coloured very deeply, ahnost black. After the section has 
been again rinsed in water, it is placed in alcohol, which possesses 
the property in' a very high degree of dissolving both the colours. 
This is the most critical part of the process, L e. hitting the right 
moment when both the colours have been just suf&ciently drawn out. 
It is a good plan to take the section out, and view it in oil of doves 
under the microscope, and if found too deep, to replace it in the 
alcohol. In general it is l)etter to remove the preparation when 
still too blue, as the eosin is drawn out somewhat quicker than the 
other colours. The oil of cloves, in which the preparation is put 
after the alcohol, does not affect the eosin, whilst it dissolves (in a 
somewhat different degree of intensity) the other colours. Any desired 
relation between the colours can thus be obtained. When the proper 
tint is reached, the oil of cloves is sucked out as completely as 
possible by blotting-paper (the best plan is to lay the paper on one 
side of the preparation on the stage, and place the stage slanting), then 
apply Canada balsam dissolved in chloroform for a covering. In this 
no further change takes place. If too much oil of cloves is left behind, 
a further extraction of the blue takes place, and the object is surrounded 
by a blue halo. This should therefore be carefully avoided. 

As to the distribution of the colours over the different parts of 
the tissues, the blue (or the green) pigment stains principally the 
nuclei of the cells, and the eosin the cell-bodies, and attention may 
be drawn to the various shades of colour which appear in these latter, 
produced by the mixture of the red with the blue pigments, condi- 
tioned apparently by the mixture of the other cell-contents with the 
protoplasm, or by the changes produced in the protoplasm by age. 
With regard to the secretions of the cells, as far as these from their 
soft or firm consistency allow of being distinguished in microsoopio 
sections, the former are generally stained more blue, the latter more 
red, often simply eosin red. Thus the contents of the goblet cells, 
whilst still contained in the cells or out of them, appear a deep blue, 
the interstitial substance of the hyaline cartilage light bluish, the 
cell-membrane eosin red, the elastic fibres brilliant red, the conneo- 
tive-tissue fibrillsD dark rose, the bone deep scarlet ; a very peculiar 
and entirely characteristic colour is shown by the red blood-cor- 
puscles, which are bright scarlet. In the blood of the lower verte- 
brate animals, which have nuclei in their blood-corpuscles, this 
colour forms a still greater contrast to the deep blue nucleus. The 
staining is so intense that sections of organs whose blood-vessels are 
still coloured with blood-corpuscles look as if injected, so strong is 
the contrast between the scarlet and the other tints. 

* Alcoholic solutions of these do not stain enough to be of use, therefore the 
eosin cannot be mixed with the other colours. 
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With regard to the particnlar organs, I have to remark as follows: — 

(1) The Skin. — This is one of the objects which gives the best 
results. The different layers of the epidermis, and the whole epider- 
mis contrasted with the cutis, show very prominently. In the cutis 
the dark, rose-coloured bundles of fibrillas of the connective tissue 
appear remarkably distinct, so that their arrangement is easily recog- 
nized. Upon this rose-coloured substratum are seen with extraordi- 
nary distinctness the blue nuclei of the connective-tissue cells, the 
vessels with their scarlet contents and their musculature, and the 
sweat glands with their somewhat dark-blue stained cells, on the 
borders of which may be detected, on the exuding side, the fine red 
outicula. Hairs and nails are also very beautiful. 

(2) The Muscular System.^-rThia is not very well adapted for 
the staining, as regards details. On the other hand, the tissue, as 
such, stands out very beautifully from other tissues. The smooth 
muscles, for instance, are distinguished in weak stainings from the 
surrounding connective tissue ; tbey remain dark red, with a different 
tint to the connective-tissue bundles. The striated muscles have a 
somewhat darker tint. 

(3) Bones and CartHage.-^The basic substance of the decalcified 
bones becomes deep scarlet, the cells more bluish. The method is 
best suited for the process of ossification. In this appears the pecu- 
liar phenomenon, that in the place where the cartilage cell nests lie 
the interstitial substance of the cartilage, which previously had a bluish 
red tint, acquires somewhat suddenly a deep blue colour, which 
would be the characteristic colour of the calcified cartilage. The basic 
substance of the bone, as above mentioned, appears stained a deep 
scarlet, and thus the superposed bone substance proper, down into the 
bone, is distinguished very clearly from the calcified cartilage. On 
the other hand, by this means the latter may be followed far into the 
bone, as every trace of it may be recognized, without anything else, 
by its blue staining. Thus it is possible to detect the cartilage- 
remains very plainly in the middle of the shaft of the bone, in a 
transverse section through the tibia of a new-bom infant. The 
hyaline cartilage, with its bluish basic substance, and the red cells 
inserted in it, with a number of blue nuclei, is a most excellent 
object. The perichondrium is a deep red, and thus contrasts sharply 
with the cartilage. The division of the basic substance of the car- 
tilage into different territories often appears very beautifully ; the 
bounding parts are almost blue black. Elastic cartilage gives most 
excellent preparations ; for instance, the transition portion from 
hyaline to elastic cartilage (e. g. cartilage arytaBUoidea). The elastic 
fibres are a lively red, and are thus well distinguished from the bright 
blue basic substance. 

(4) Nerve System. — Transverse sections through the spinal cord 
show the coarser fibres very well, as the nerve-tubes, both medulla 
and axis-cylinder, are coloured red, whilst the neuroglia appears 
bluish red, with dark blue nuclei. The ganglion-cells are reddish, 
with a slight touch of blue, whilst their nuclei, in opposition to the 
nuclei of the other cells, appear somewhat redder than the cell- 
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sabetance. The nucleolus is generally a deep dark red. The 
double staining is specially recommended for the cerebellum, to 
make the granulated layers conspicuous. The Purkinje cells remain 
quite red, both nucleus as well as cell. I cannot recommend it, how- 
ever, for the peripheral nerve system. In some few special cases it is 
applicable. The nerves in the bladder of the frog are very finely 
displayed. Methyl-violet (not the other colours) stains the fine nerves 
in the skin of the lamprey very beautifully. 

(5) The Alimentary Canal. — We now come to a region in which 
the method answers very well — the glands ; for, first, we are able to 
find constant differences in the staining of different glands; and 
secondly, in many oases, differences in the staining of the cells of the 
same glands, according to their condition. A very fine example of 
the first case is furnished by the aquiparous and muciparous glands 
in the root of the tongue. The first show a bright red protoplasm, 
with beautiful blue nuclei ; the muciparous are stained with such an 
intense blue that the nucleus is often not visible. Both kinds of glands 
stand out also splendidly from the red muscular substratum. Examples 
of the second case are ^e gl. submaxill. and sublingualis. In the so- 
called state of rest, the cells are coloured uniformly blue, althoagh 
not with the same intensity as the muciparous glands on the body of 
the tongue ; the still darker blue nuclei lie, as is known, as though 
pressed flat close to one edge. In the so-called state of activity ti^e 
cells are a granulated red colour, with round blue nuclei in the middle. 
The ' half-moons ' are always red. The parotid has bright red cells, 
with blue nuclei. The pancreas is similar, only that the tint is rather 
bluer. One gland, the lachrymal — ^which, however, does not belong 
here — has most peculiar red cells. 

The epithelium of the mouth, tongue, and oesophagus separate 
themselves, on being stained, into a superior and inferior layer, and 
the epithelium and tiie glands of the stomach and intestines are excel- 
lently adapted for the staining." 

The effects of the staining on (6) Liver, (7) Organs of respiration, 
^8) Urinary organs, (9 and 10) Male and female sexual organs, 
(11) Blood-vessels, (1^) Lymphatic glands, i&c, and (13) Organs of 
sense, are detailed in a similar manner, but must be omitted here for 
want of space. 

The Ordinary Microscope as a Polariscope for Convergent Light, — 
In reference to Professor A. de Lesaulx's suggestions on this subject 
(see p. 207), M. Bertrand claims to be an independent discoverer with 
the Professor of the advantages to be derived from adding two 
achromatic lenses of short focus above the lower Nicol. He places, 
however, a third achromatic lens of about 3^ centim. focus above the 
posterior lens of the objective, at a distance a little greater than 
the focns, and capable of being slightly moved nearer or farther from 
the objective according to the power used. It should also be able to 
be removed easily from the microscope, so as to allow of the object 
beiDg viewed in the first instance by parallel light. 

New Aerobic Vibrion, — M. H. Toussaint has recently described a 
vibrion which he Ibund in a rabbit inoculated with the blood of a 
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horse which had died rapidly of malignant j>nstalar fever. The 
blood was received sixty hours after the death of the horse, and its 
state of preservation was such as to enable the author to affirm that it 
had never contained bacteria. A rabbit was at once inoculated by two 
punctures in the ears, which died in twenty-four hours afterwards, no 
bacteria being anywhere found. A second rabbit was then inoculated, 
which died in thirteen to fourteen hours, and it was in the latter that 
the new vibrion was discovered. Fifty-four other animals were 
subsequently inoculated, with the same results. When the blood 
was examined under the microscope with a power of 500 to 800 
diameters, a great number of extremely small vibrions were seen, 
spherical or slightly oval, of very little refracting power (which 
makes it difficult to distinguish them in the coloured serum), single 
or in pairs, never three in a chain. Their dimensions vary little, 
being '0004 mm. in thickness, and *0005 mm. to *001 mm. long, 
the latter dimension attained only by vibrions which have just 
separated. Their only movements are feeble and slow, which 
clearly distinguishes them from Brownian movements. Whilst 
very numerous in the blood (five to ten to a globule), they exist 
in immense quantities in the lymphatic ganglions, and swarm in 
the oedema at the point inoculated. They are found in all the tissues 
outside the vessels, and in all the fluids — the humours of the eye, the 
serous fluids, and the urine. When the epiploon is examine d with a 
strong power, they are clearly distinguished in the interior of the 
vessels in the form of a mass of regular granulations which often 
occupy the whole breadth of the capiUaries, and stand out in relief at 
their optic margin. 

All the fluids can be inoculated in the same way as the blood — 
inoculation of the aqueous humour, the urine, and the chyme kills 
the animals in twelve hours. The disease is not only contagious 
by direct inoculation, it is equally so by the alimentary canal, 
and perhaps also by the respiratory passages. Three rabbits died 
in eighteen to twenty-four hours after having eaten oats soaked in the 
infected blood. Excrement powdered and mixed with the food killed 
two rabbits out of six who had such food on one occasion. Two 
other vigorous rabbits died the next day, after having passed one 
night with two inoculated ones, and three adult rabbits in adjoining 
boxes died in the same way without any direct -contact. 

M. Toussaint cultivated the vibrions by M. Pasteur's method, and 
under the microscope in the gas and warm chamber of M. Hanvier, 
and was able to establish that in two hours and a half a single one 
had produced twenty-two. The multiplication took place by scission 
as soon as the vibrion had doubled in breadth. Filaments analogous 
to those of the bacteria were never formed. They multiplied more 
rapidly at the sides next to the air-groove than in the middle of the 
preparation. 

Contact with air or pure oxygen in a moist chamber for twenty- 
four hours preserved a layer of blood of ^ mm. in thickness in full 
activity. In tubes free of air and sealed, the blood lost its activity at 
the end of ten days. Putrefaction destroys the vibrion, but much 
more slowly than ihe bacteria. 
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When mixed in the cnltnre liqnids the bacteria and the new 
vibrions develop side by side. When animals are inoculated with 
them (taking care to have only a very small quantity of the latter) 
the two parasites are developed simultaneously, and on a microscopio 
examination are found associated in the blood. But on the second 
inoculation the bacteria are still localized at the point of inoculation, 
whilst death has already taken place in consequence of the much 
more active multiplication of the vibrions. 

In a foot-note the author adds that he has found Banvier's warm 
chamber extremely convenient for studying all the lower beings, and 
particularly bacteria. Their elongation can be followed minute by 
minute, and the transformation into spores as well as the elongation 
of the spores to re-form the bacteria. He was thus able recently to 
determine that the bacteria cultivated in certain liquids, especially in 
the serum of the blood of the dog, give sometimes true sporangia, 
globular or in " calabashes " filled with spores.* 

" The Projection of Microscope Photographs,** — Dr. J. C. Draper, 
Professor of Natural History in the College of the City of New 
York, contributes an article under this heading to the 'American 
Journal of Science and Arts.' In the lanterns that are constructed 
for the projection of photographic or other images on a screen, the 
support or stage on which the photographic slide is placed is close to 
and at an invariable distance from the condensing lens. So long as the 
objects to be projected are nearly equal in size to the diameter of the 
condenser, this is the only adjustment that can be made to illuminate 
the whole surface of the object, but when the diameter of the field 
occupied by the object is only one-half or one-quarter of the diameter 
of the condensing lens, the brilliancy of the result obtained upon the 
screen may be greatly increased by removing the supporting stage or 
object oirrier to a greater distance from the condenser, so that a con- 
vergent beam of light may fall on the object to be projected. To 
accomplish this I have constructed the following form of lantern. 

In the figure, a is a zirconia light mounted on an adjustable base,'!' 
which may be used with a condensing lens of very short focus, since 
the zirconia is not burrowed into cavities where the oxyhydrogen 
flame impinges, as happens with lime cylinders, and causes the flame 
to be reflected on the condensing lens, and thereby destroys it. In 
the jet employed, the gases are mixed just before they are ignited, 
b, 6 is a short-focus condensing lens ; c, the stage or support carrying 
the photographic or other design to be projected ; d, the projection lens 
formed of three sets of lenses, and giving a perfectly flat rectilinear field ; 
€i,c,d are mounted on a base board e, /, to the end of which the 
lantern box a, & is attached, and which is freely opened above and 
below to permit perfect ventilation. The base carries lateral grooves 
in which a, c, d d^ide, allowing them to be placed at varying distances 
from 6, and fixed by suitable binding screws ; c and d are also con- 
nected ^together by a rod r, carrying an adjustment screw at r, by 

* * Comptes Rendus,' vol. Ixxxvii. p. 69. 

t See * American Journal of Science and Arts/ Sept. 1877, p. 208. 
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which the change of distance betweeo a and c, reqaired in giving the 
correct focna, may he obtained. The base e,fia attached to a eecond 
or nndoT base ^, A by a hinge at h, which allows the end e of the 
movable base e,/ to be raised to any required angle, at which it may 
be maintained by the block at t. 80 conyenient and compact ia thia 
lantern, that it may easily be stowed away in a small trnnk. 




When a series of objects of different sizes ia to be projected, as is 
the case with microaoopio photographs taken nnder the same adjust- 
ments, it is, as we have said, a great gain in the projection of small 
objects if the circle of light used for illumination is reduced, and at 
the same time increased in brilliancy. This is accomplished in the 
above arrangement as rapidly as can be desired by removing d. e 
together along the slide of the base e,/ to a sufficient distance from 
the face of the condenser h to allow the convergent rays of the latter 
jnst to cover a circle which will include the object to be projected. 
The greater intensity of the illumination thus obtained renders the 
definition of fine markings or other peculiarities on small objects as 
clearly visible at considerable distances as are the coarser markings 
on large objects under a weaker light. 

In closing this brief communication, I desire to add that I made 
photographs of Frustalia Saeeontca under a power of 7000 diameters. 
The photographs in question were made in the City College building, 
by a g\[-inch immersion Beck lens. The light was from the sun, 
reflected by a heliostat throngh ammonio-sulpbate of copper solution 
and condensed on the object at an angle of 30° to 40°. The photo- 
graph in question was direct, by which I mean that there was no 
intermediate or secondary enlargement of a first photograph. With 
this photograph and the lantern described I have shown Frtistulia 
Saxomoa magnified more than half a million diameters, a result which 
must be seen to be appreciated. 

CUamng Slidet cmd Cooer-glattet. — Mr. 0. E. Hanaman, of the 
Troy (U.S.) Scientific Association, recommends as being as efficaciooB 
as the nitnc acid bath, and wholly free from its disagreeable odoars, 
a cold saturated solution of bichromate of potash in water, to which 
about one-eighth of its bulk of strong sidphurio acid is added, the 
mixture being made in a porcelain or thin glass vessel, as the heat 
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evolved wonld be likely to break a bottle, and the veasel placed out- 
side the window until cool, when no mora iajariona vapour will be given 
off. A gross or two of elidea maj be cleaned in an incredibly short 
time by sliding them one by one intO' a vessel containing the liquid, 
tilting the vessel about a few moments to cause the liquid to flow 
tfaroagh the mass, then pouring it of^ and placing the vessel under 
the stream of a tap. The solution is well known to photographers.* 

Xinialure Microscope. — A diminutive instrument, small enough to 
he carried in the waistcoat pocket, and available for viewing objects 
mounted on the ordinary slides, has jost been brought out by Ur. John 
Browning. It is mode in nickel silver, and has two ochromatio 



powers, magnifying respectively 15 and 36 diameters (the latter 
with a Iiieberkuhn), as well as a movable mirror and forceps. The 
accompanying woodcut of the instrument is full size. 

Notommala Werneclai — a ParatiU of Vaudteria Besides the well- 
known Notommala para*ita which inhabits Volaox fflobaior, there is 
another species of the genus living in an Alga which has hitherto been 
little observed. M. Balbiani having obtained some specimens &om 
M. Oomn, has made an eitended investigation, not only of the sn'TPal, 
but of the so-K»lled "galls" of the VaaeJieria which they inh&bit. 
The article appears iu the 'Annoles des Sciences Naturelles,' hut, 
though published so long ago as 20tb Uarcb, the plate has not 
yet (October 15) reached London. When this is done it is proposed 
* 'American Natmaliat,' vol. lii. p. 573. 
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to print here a tranalaHon of the article in extenso with the plates, 
but meantime the following smnmary of M. Balbiani's observations 
will show the general conclnsions at which he arriyed. 

In the existence of N. Wemeehii there are two periods, the one of 
freedom, the other of parasitism in the tabes of Vaueheria. In each 
of these two phases of its existence it assumes a very different form. 
In the first it is elongated, vermiform, and divided exteriorly into 
very distinct segments. In the second, when it attains the age of 
maturity, it is dilated, very contractile, and without any trace of seg- 
mentation. 

To these exterior changes correspond important modifications in 
the internal organs, characterized particularly by the enormous de- 
Telopment of the ovaiy and the atrophy of the salivary and gastric 
glands. 

As with many other Botatoria, it lays two kinds of eggs, called 
summer eggs and winter eggs, which are distinguished from one 
another by their structure no less than their mode of development 

The same female may produce' either summer or winter eggs 
exclusively, or the two kinds mixed in the same gall. 

The winter eggs are produced as early as the spring ; their laying 
commences later and is prolonged lohger than mat of the summer 
eggs — the latter are developed immediately, whilst the former 
hybemate, and are only hatched in the following year. 

Males were not observed, and on the other hand spermatozooida 
were never found in the females; whence it is concluded that the 
winter eggs, like the summer eggs, develope without previous fecun- 
dation. 

The galls of Vaucheria, in which the animal lives and is repro- 
duced, are due to a hypertrophy of the branches of the plant which 
bear tiie organs of fructification. They differ from the galls, properly 
so-called, of the higher plants, in that they are pre-existing parts, 
which have simply undergone an increase of volume under the action 
of the parasite. This exaggeration of the vegetative functions is also 
often manifested by the formation of adventitious branches on different 
points of the surface of the gall. 

The exit of the young bom in the galls, and their re-entry into the 
tubes of the Vauckeria to form new galls, is effected by openings 
which are produced spontaneously at the summit of the adventitious 
branches. They also sometimes make use, for the same object, of 
the male organ of reproduction, which persists at the base of the 
capsule in the form of a tube open at its two extremities. 

^ Bitmarck Broum** as a Staining Material. — In the * Archiv fur 
Mik. Anat.,' vol. xv. part 2, is an article by Dr. 0. Weigert on the 
superiority of this pigment over those hitherto used. The require- 
ments in a good staining matter are, he says : — (1) It must stain with 
perfect certointy, so that nothing is left to accidental circumstances 
or the ability of the histologist. This condition is not fulfilled by car- 
mine, picrocarmine, or eosin. (2) The stain must take quickly. In 
this respect, too, the two first-named pigments are defective, (8) Over- 
staining must not take place too readily, or must be capable of cor- 

VOL. I. Y 
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rection witbout baying reconrse to yory different materials, as e. g. 
strong acetic acid. (4) On tbe otber band, a proper time mnst be 
allowed for tbe necessary operation of wadiing, so tbat tbe coloor 
does not disappear if tbe wasbing is prolonged somewbat. Tbe aniline 
colours bitberto employed do not permit tbis. (5) Tbe preparations 
must be capable of being viewed and preserved in a medium of small 
refractive power. Tbis is not possible in tbe case of bematozylin 
staining, and wbere aniline colours are used. (6) Tbe stain must be 
a fixed colour. All tbese conditions are satisfied in tbe pigment wbicb 
is called Bismarck brown. Tbe application of it is very simple. A 
concentrated solution of it in water or weak alcobol is used. To 
obtain the former quickly, tbe pigment must be boiled in distilled 
water, wbicb serves at tbe same time to prevent tbe formation of tbe 
wbite film to wbicb it is subject. Tbe solution is tben filtered (tbe 
filtration requires to be repeated from time to time). Sections of 
alcobol or cbromic acid preparations are stained immediately on 
being put into sucb a solution, wbicb is of a dark brown colour ; if 
tbe solution is weaker, but still strong, tbe sections become deeply 
stained in a few minutes. Tbe differentiation of tbe staining is effected 
in a few minutes by wasbing in absolute alcobol, and tben tbe pre- 
parations (cleared by oil of cloves, &c.), may eitber be kept in Canada 
balsam, or put up direct in glycerine. In tbe latter case, care must 
be paid to tbe wasbing in aJoobol, and it is as well to put tbe pre- 
paration previously in distilled water again. No barm at all is 
done if the section is left a day or two in tbe staining fluid, or allowed 
to lie for bours in alcobol or days in oil of cloves, provided tbe stain 
is not too weak in tbe first instance. 

Tbe nuclei are stained brown by it, and, as witb all good stains, 
more or less dark according to tbeir size. Many protoplasms and 
connective tissues stain a more or less ligbt yellow. Amyloid is 
not plainly differentiated, but plasma-cells and many bacterian forms 
are, wbicb resist bsBmatoxylin and carmine stains. Double staining, 
&c., can be applied, of course, as well as witb otber pigments for 
nucleus staining. From an sestbetic point of view, tbe colour will 
not perhaps give satisfaction. Tbis, bowever, is a matter of taste, 
and tbe tint has tbe advantage tbat preparations tbus stained can be 
pbotograpbed. Our blue and red stains are badly adapted for pboto- 
grapbing. 

Thin Covering Glass. — A complaint is made in tbe * Zeitscb. f. 
Mikroskopie' that tbe covering glass supplied from England in 
recent years is of bad quality, not only being of excessive ti^ckness, 
but containing bubbles and a number of microscopic points wbicb 
cannot be removed by any chemical means, so tbat a great part is 
unsuitable for any delicate investigations. Complaints addressed 
to tbe manufacturers bave, it is said, met witb no success. 

Improved Form of Frog^plate. — Witb tbe common brass frog-plate 
generally used it is almost impossible, after tbe frog has been properly 
secured, to move tbe plate under tbe tdips wbicb in tbe cheaper 
microscopes serve to retain tbe object in place on tbe stage. A very 
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simple addition, however, serves to remedy this defect, and makes the 
most convenient frog-plate we have ever nsed. A plain nnder-plate is 
riveted to the ordinary notched (upper) plate at one end with a strip 
between them, which holds them a little more than an eighth of an 
inch apart The lower plate (which has a hole Vhich corresponds 
with that in the upper one) passes under the clips of the stage, which 
retain it securely, but allow proper freedom of motion.* 

Variation in SpongtUa flumatUis. — ^Mr. J. G. Waller details, in 
No. 37 of the ' Quekett Club Journal,' the result of examinations which 
he has made on various specimens of Spongilla, principally from 
different parts of the Thames. He shows that it is subject to con- 
siderable variation, but from the easy manner in which the changes 
seem to pass through a series of gradations to a complete development 
of parts, and notwithstanding the remarkable differences between the 
two extremes (the smooth spicule of the type yielding place to the 
spinous one and becoming practically obsolete), he considers that, 
undoubtedly, S. Meyeni and 8. ParfiUi should be treated as varieties 
only, and not as distinct species. Mr. Waller considers that 8. flu^ 
viatilis may be divided into two natural divisions, one having the 
spicule smooth and the other spinous. 

Borax in Vegetable Physiology, — If we immerse in a cold aqueous 
solution of borax (from 5 to 6 per cent.) vegetable organs containing 
different colouring matters, the red, blue, purple, or violet liquid 
matters diffuse themselves rapidly in the solution, whilst the green 
pigment of the grains of chlorophyll is not diffused. We can in 
this manner show the presence of chlorophyll in plants in which it 
is completely ma^ked by other colouring matters, for example, in the 
red variety of Atriplex hortensisy in 8imodurum abortivum, in certaili 
red and yellow AlgaB, &c. A little unicellular Alga, which produces 
blood-coloured stains on damp vaults, the Porphyridium cruentum^ 
Nasg., has been placed by Eabenhorst among the Phodophycece, Algsa 
which are distinguished from others by the absence of chlorophyll, 
and by the presence of a generally red colouring matter. But it is 
sufficient to immerse this little Alga for a few hours only in a solution 
of borax, in order to see the whole of the red matter disappear ; the 
plant then becomes completely green imder the influence of the true 
finely-divided chlorophyll, f 

The Vernier applied to the Micromsope. — ^American opticians have 
recently applied l^e vernier to the body of the microscope (in which 
they are being followed by English makers), and some controversy 
has taken place in the States as to who was the '^ first and true 
inventor." A propos of this controversy M. Bauwens, the Treasurer 
of the Belgian Society of Microscopy, communicated a paper to the 
Society on the subject, from which the following extracts are made : — 

'* It is about ten years since I applied the vernier to my Jackson- 
Lister instrument, the scale being applied to the movable body, and 

* ' Amerioan Journal of Microeoopy,* vol. ill. p. 158. 

t M. Schnetzler, in * Gomptee Rendus,* vol. Ixxxvii. p. 381. 
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the vernier to the support in which the body slides. I can a£Srm that 
it is of real ntility — 

1. When one desires to know the 'frontal distance' (that is the 
distance between the anterior surface of the front lens and the point 
where the object ought to be placed) of each of the combinations of 
eye-pieces and objectives which are used. 

2. To measure easily and rapidly the thickness of the covering 
glass — a very important matter in many circumstances. 

8. T6 find the thickness of the objects examined, &a, and for 
many other cases, too long to be enumerated. 

The vernier which I use is composed of two distinct pieces, 
sliding one against the other ; the one forming the scale is divided 
into millimetres ; the other is the vernier, that is, a piece on which a 
length of nineteen millimetres is divided into twenty equal parts. As 
an example, suppose we want to know the thickness of a covering 
glass. Make a line in ink on one of the faces of the glass, and a line 
on the other side of it. Find under the microscope the visual point of 
one of the sides, and note the reading of the scale. In the same way 
take the visual point of the other line, and the difference between the 
two measures is the thickness." 

M. Bauwens also describes the way in which he applied a second 
vernier and scale to the draw-tube and body, so as to determine the 
exact distance between the eye-piece and objective. 

JKcro-phatogrcmh, — ^Mr. Langenheim, of the United States, has 
photographed the Lord's Prayer on the ten-thousandth of a square inch, 
and *' so fine that it will bear inspection with a good ^th and B eye* 
piece." 
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Paraboloid Illuminator of Dr. Edmunds. 

Microscopic Technics. (Extract ^m Dr. J. Pelletan's * Practical Maiiuftl of 
Histology '). 

&o. £o. &0. 

Annalis DBS SoiENGis Natttbkllibb (Botakt), Sixth Series, 
Vol. V, No. 6 (issued in August) : — 

InTestigations on the Secretory Canals of the Fruit of the UmbelUiers. By 
M. B. Moynier de Villepoix. (With 2 plated.) 

Vol. YI., Nos. 1 and 2 (issaed in Augast) : — 

Researches on the Terminal Growth of the Root in the Phanerogams. By 
M. Ch. Flahault. (With 8 pktes.) 

VoL VI., Nos. 8 and 4 (issued in September) : — 

Researches on the Terminal Growth of the Root in the Phanerogams (con- 
clusion). By M. Ch. Flahault. 

Development of the Emhryo-sac of the Angiospermous Phanerogams. By 
M. Julien Yeeque. 

Bulletin db la SooiiSt^ Belos ds Migboscoph, VoL IV., 
No. 10 :— 

A Case of Parasitism ohserred on a Diatom. By M. Guimard. (With a 
woodcut.) 

Ross's Patent Stand. By Dr. Henii Van HeuroJc. (With a plate.) 

AnaiytiocU and Critical Seviev — of 'Proceedings of the Boston Society of 
KatursLl History/ * Journal of the Royal Microscopical Society ' of London, and 
* Journal de Micrographie ' of Dr. J. Felletan, with ** Contribution to the History 
of Liguh " and ** Obserrations on the Rotatoria and the Infusoria " extracted from 
the latter journal. 

Proceedings of the Meeting of the Society on 25th July. 

No. 11 :— 

Further Note on the Ordinary Microscope as a Polarisoope for Conyergent 
Light, and an Apparatus for messnring the Distance of the Poles in the inter- 
ference Image. By Professor A. de Lasaulx. (With a plate.) 

A New Field for the Microsoopist (the first part of a translation of Mr. W. S. 
Kent's article in the ' Popular Science Review '). 

Proceedings of the Meeting of the Society on 29th August 

AnoHiY viJE MiEBOSxopiBOHS Anatohh, Vol. XV., Part 2 
(issued in June) : — 

Contributions to the DeTelopment-History of the Vertebrates. By Dr. A. 
Ooette, Professor at Strassburg. III. On the Development of the Central 
Nervous System of the Teleostei. (With 4 plates.) 

Researohcs on the Stellated Cells of the Tubules of the Testes and other 
Glands. By Dr. B. Afanassiew, of St. Petersburg. (With a plate.) 

On the Connexion of the Anterior Eye Chamber with the Anterior Ciliary 
Yeins. By F. Heisrath. 
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On the Blood-vessels of the Eye of the Gephalopods. By Dr. Jos. Schobl, of 
Prague. (With 2 plates.) 

On the Blood-cells of the Aoephaln, and Observations on ihelr Blood-oomae. 
By W. Flemming. (With a plate.) • 

Note on the Injection of the Invertebrates. By W. Flemming. 

On the Theory of Peristalsis. By Th. W. Engehnann, of Utrecht 

** Bismarck Brown" as a Colouring Substance. By Dr. 0. Weigert, Fiist 
Assistant at Pathological Institute at £eipsic. 

Vol. XV., Part 3 (igsued 23rd Anguet) :— 

The Genesis of the Spermatic Bodies. By V. la Valette St. George. Fifth 
communication. (With 5 plates.) 

Contributions to the Comparative Morphology of the Skeletal System of the 
Vertebrates. By Dr. A. Goette, Professor at Strassbnrg. IL The Vertebral 
Column and its Appendages. (With a plate.) 

The Acoustic Apparatus of the Organs of Hearing of the Heteropods. By 

0. Clans, of Vienna. (With a plate.) 

On Tetrapteron (^Tetraplatia) volitans. By C. Clans. (With a plate.) 

The Architecture of imperfectly divided Teel^-roots. By Professor Dr. 

Chr. Aeby, of Bern. (With a plate aud a woodcut) 

The Histological Relations of Fossil Bone and Tooth Tissue. By Professor 

Dr. Clir. Aeby, of Bern. (With a plate.) 

The Development of the Egg in Batrachians and Bone Fishes. By N. Eoless- 

nikow, of St. Petersburg. (With a plate.) 

The Taste Cells of the Duck. By Fr. Merkel, of Rostock. (With a plate.) 
Supplement to the article "The Vertebral Column and its Appendages'*: 

1. The Cyclostomata. By Dr. Gotte. 

Zeitsoheift fOb Mikboseopib for May : — 

The Development and present Position of Microscopy in Germany (continm' 
tion). By Dr. E. Kaiser. 

Contribution on Plant Crystals, particularly on the forms of Quadratic Oxalate 
of Lime. By Dr. G. Holzner. (With a plate.) 

The " Plastides " of the Lower Plants. 

The Rivet Microtome. 

Minor Communications. — Orth's * Ck)ur8e of Histology.' — Wenzel's * Atlas of 
Histology.' — Programme of Fifty-first Meeting of German Naturalists and 
Medical Men at Cassel. 

SiBBOLD AKD KoLLIKEB's ZbITBOHBIFT FUB WiSSENSCHAFTLIOHB 

ZooLOGiB, Vol. XXXI., Part 1 (issued 30th July) : — 

On the Siphonophora of Deep Water. By Th. Studer. (With 3 plates.) 

Supplement to ^* Contributions on the Post-embryonal Formation of the 
Limbs in Insects." By H. Dewitz. 

Contributions to the Morphology of the Oxytrichidie. By V. Sterki. (With 
a plate.) 

Contributions to the Knowledge of the Torru^terida, By F. Vejdovsky. (With 
2 plates.) 

Contributions to the Knowledge of the Natural History of the CapreUs. By 
A. Gamroth. (With 3 plates.) 

Part 2 :— 

Contributions to the Knowledge of the lulidso. By E. Voges. (With 3 
plates.) 

On the Formation of the Blastoderm and the Mesoblasts in Insects. By 
N. Bobretsky. (With a plate.) 

Researches on the Structure and Development of Sponges. 5th Part. The 
Metaroorphods of Sycomdra raphanus. By F. £. Schultze. (With 2 plates.) 
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PEOCEEDINGS OF THE SOCIETY. 



MsBTiNO ov 9th October, 1878, at Eing*8 Oollbgb, Stbanb, W.C. 
Thb President (H. J. Slaok, Esq.) m the ohair. 

The Minutes of the meeting of Sih Jane were read and con- 
firmed, and were signed by the President. 

A list of the Donations since the last meeting was submitted 
and the thanks of the Society given to the donors. 

The President said they had the pleasure of seeing amongst them 
that eyening Professor Owen, who was their first President, and who 
had come to read a paper which he had sent to the Society. 

The President said they would no doubt all remember that some 
time ago, Mr. Mclntire presented to the Society a slide of the per- 
forating proboscis of a moth, and in connection with it they would 
also remember that reference was made to a paper in 'Gomptes 
Bendns' which described at some length a moth which possessed a 
similar perforating organ, and was reported as doing damage to 
oranges. A few days ago, he had received from Mr. Green of Colombo^ 
through Mr. Curties, a specimen of a moth which was also able to 
perforate oranges in a similar manner, and it was described as hanging 
on to the froit by means of the proboscis whilst it sucked the juice. 
On examining this proboscis, he found that it differed somewhat from 
those which had been described, in that it possessed a peculiarity which 
he hoped Mr. Green would work out. It seemed tliat the proboscis 
was armed with a series of cutting hooks, having cutting edges on both 
sides, thus enabling the insect to cut its way out as well as to cut a way 
into the fruit. At the base of these hooks or spikes was an organ 
which looked as if it might be a ball-and-socket joint, and the spike 
appeared to pass down to its attachment with this through a counter- 
sunk orifice, which, enabled the spike to move through a large angle, and 
when extended would of course assist the creature to hang on in the 
manner described. He hoped that the attention of those of their 
friends who might be living in orange^growing districts, would be 
called to the matter with a view to ascertain if there were any other 
moths of this kind to be found, which might form an intermediate 
link between the two kinds already observed, and which presented 
very distinctive characters. 

Figures in illustration of his remarks were drawn upon the black- 
board by the President as he proceeded. 

Professor Owen, C.B., F.B.S., &c , then read a paper " On the 
Fossils called * Granicones,' being a contribution to the Histology of 
the Exo-skeleton in Beptilia,'' illustrating the subject by a number 
of drawings, and by sections exhibited under a microscope (the paper 
will be found printed in extenso at p. 233). 
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The President, in proposing a vote of thanks to Professor Owen 
for his paper, said that all would feel the interest it possessed, although 
as the subject was quite new it was hardly possible for any discussion 
now to take place upon it. He was sure that the Fellows would not 
only thank the Professor for his paper, bat would also join him in 
saying that they were specially glad to be able to give him a personal 
welcome on account of his long connexion with the Society. 

A Tote of thanks to Professor Owen for his paper was unanimously 
passed. 

Professor Owen said that it might be familiar to them all that so 
many of the fossil remains which were found in the Mesozoic strata f 

— ^both of animals, plants, and shells — belong to a class of which the 
nearest living representatives are now found at the antipodes. Those 
beautiful specimens containing the well known teeth of Cestracion were 
well known, and there was still living in Australia a creature exhibiting 
the same kind of dentition and which was described as going along 
the reefs and picking off the Terebratube and crushing them between 
these teeth. The evidences as to the Stonesfield slate and similar 
formations, showed that all the individuals forming the group found 
there were Marsupials, the only living representatives of which class 
are now found in Australia. He had often been disposed to say, that 
the further they had to go in the strata for their fossils the fiirther 
afield they had to go in the world for their present representatives ; 
thus these things which had been puzzling him for so long were at ^^ 

last found to belong to a class of creatures which were only now 
represented by the horrid little lizard in Australia, Moloch horridut. 



Mr. Crisp (Secretary) read a communication by Colonel Wood- 
ward, entitled ^Further Bemarks on a 'Simple Device' for the 
Illumination of Balsam-moanted Objects for Examination with Im- 
mersion Objectives whose Balsam Angle is 90^ " (see p. 246), previously 
reminding the meeting of Colonel Woodward's first paper on the 
subject which appeared in the * M. M. J.' of August, 1877. The 
original apparatus as there described, and the two prisms referred to 
in the further remarks, were placed on the table for examination. 

He also read extracts from a letter from Colonel Woodward, 
stating that " he hoped to have something to say to the Society in the 
autumn about the treatment of A. pelltictda in Iwlsam by objectives of 
moderate power, but excessive angle amplified to high powers. To 
illustrate the possibilities of the method, he had sent a paper print of 
A. pdlucida in balsam as shown by a Spencer duplex -^^ of rather 
more than 110^ balsam angle, amplified so as to give equal powers with 
equal distances to those given by Powell and Lealand's ^^. The 
whole frustule shown on the print was * 0038 of an inch long, so that 
the magnifying power obtained was about 2420 diameters, and he 
thought it would be said, with very little distortion and good resolntion 
of the lines from end to end. The striie on this frustnle were, as 
would be seen by counting the number to the inch and multiplying 
by the magnifying power, about 100 to the y^ of an inch, so that 
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ihe test was snffioiently difficult. On the whole, the result seemed to 
him quite satisfactory, but there was a certain mnddiness in the 
picture, due to the use of an old amplifier which needed repolishing. 
He was having some new amplifiers made with which he expected to 
get more sparkling pictures/' 

The photograph accompanying the letter was handed round for 
examination ; it showed the stries with remarkable distinctness. 

Mr. Ingpen inquired if any question as to priority in regard to 
the invention or use of this prism arose out of the paper. He had 
himself seen a prism with four &ces, made by Messrs. Powell and 
Leahmd, from drawings by Dr. Edmunds, which appeared to more 
than cover the ground aimed at by the prisms now shown. 

Dr. Edmunds, in reply to a question from the President, said that, 
as to the prism to which Mr. Ingpen had referred, he had not thought 
it of sufficiently marked novelty to make it the subject of a formal 
communication, but he would be pleased to submit it to the next 
meeting. Upon the question of priority, it would be recollected that 
in 1856 Mr. Wenham described a small right-angled prism, which he 
attached to the under surface of the slide with oil or balsam, and UFod 
for oblique illumination. This application of a right-angled immer- 
sion prism was clearly due to Mr. Wenham. What was due to 
Colonel Woodward in his beautiful work was not the invention of the 
right-angled prism, but its combination with a pin-hole shutter, 
through which a small beam of parallel light could be thrown into a 
balsam-mounted object outside the angle of 41° from the optic axis ; 
thus demonstrating that pencils outside 82^ balsam-angle could be 
used to form an image if only the objective were of sufficiently large 
aperture. With reference to his own prism, he had had the advantage 
of working with that sent over by Colonel Woodward, and finding it 
difficult to manage, and that its comers practically prevented its 
rotation under the slide, he had had another form constructed by 
Messrs. Powell and Lealand, and this had proved most useful and 
very easily managed. It was made from rather more than a hemi- 
sphere of glass, of which the spheroidal surface was ground down into 
four faces making practically two right-angled prisms at right angles 
to each other, one having its faces inclin^ to the plane surface at 
41'' and 49^ and the other at 80^ and 60''. The prism was set in a 
simple brass tube with a slot for each face, and fitting below into the 
substage. The fsu^es were so arranged that an object in focus was 
illuminated equally through each face by light entering it at the 
normal. The upper surface was ^ inch in diameter and was made 
optically continuous with the slide by oil or glycerine. By simply 
turning the substage, the prism gave unrefracted light at SO'', 41*^, 
49^, and €0" from the optic axis, and each angle could be varied a 
little without practical detriment. The light reflected from the top 
surface of the prism passed out through the other side at the normal, 
and thus glare was prevented. The prism worked charmingly. 

Mr. Crisp said that the interest of Colonel Woodward's present 
apparatus arose entirely out of the angle of aperture discussion. 
Colonel Woodward certainly had never claimed and did not intend to 
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claim the invention merely of a right-angled prism for illnminating 
objects under the microscope, bnt obviously the particular application 
of such a method for the special purposes dealt with by his paper. 
As Dr. Edmunds had said, the right-angled prism was undoubtedly 
'not *'new" — indeed it had become very difficult to substantiate a 
claim to actual novelty as regards the mere form of any illuminating 
apparatus, as things seemed to be re-invented over and over again in 3 

more or less regular cycles. Mr. Wenham, who was admittedly the 
" first and true inventor " of the right-angled prism, used it, however, 
entirely for the illumination of objects under high powers by total 
internal reflection from the upper surface of the covering glass. 
Those curious in the matter would find a summary of the various -^ 

analogous devices of Mr. Wenham and others in the second German 
edition of Harting's 'Das Mikroskop,' the figures in which he 
showed to the meeting. Canada balsam or other medium was in- 
terposed between the prism and the slide in Mr. Wenham's arrange- 
ment for the purpose of preventing the rays from being reflected from 
the back of the prism instead of passing on to the covering glass. 

Mr. Crisp (Secretary) said that a Congress of American Micro- 
scopists haa been held in August at Indianapolis, at which the 
subject of a " Unit of Micrometry " had been taken into considera- 
tion, and he read the Besolutions which had been passed by the 
Congress recommending the use of the y^ of a millimetre (see . 

p. 254). "> 

Mr. Beck inquired if it was intended to take any action with 
reference to the Besolutions. The desirability of a uniform standard 
had always been appreciated in this country, and it would be a very 
desirable thing if the Society would now give the weight of its 
influence towo^s the establishment of such a standard. Some time 
ago the adoption of a single thread for the screws of all objectives 
was due to the action of the Society, and though perhaps ihe one 
decided upon might not be the best, yet the adoption of a uniform 
gauge had been of very great advantage in the way of getting rid 
of those horrible nuisances, the adapters. He merely threw out the 
suggestion because he thought the idea was worth their consideration, .i 

and he should like to know whether or not the Council were prepared 
to take any action in the matter. 

Mr. Crisp added that at the Congress a paper had been read by 
Professor W. A. Bogers, of Harvard University, in which it was 
understood that he had explaiued the application of a machine he was 
using for the production of " standard " micrometer scales, and by 
means of which he believed that he could rule any number of micro- 
meters precisely alike and with exceptional accuracy. It should not 
be forgotten that, as Mr. Beeves reminded him, the subject of a 
uniform micrometric standard had been very completely dealt with 
by Dr. Cooke in a paper read before the Quekett Microscopical 
Club, and printed in their Journal on p. 1 of voL i. 

Mr. Beck, in reply to the President, said there would be no dif- 
ficulty whatever in obtaining scales ruled as required for the adoption 
of the proposed standard. 
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Dr. EdmnndB thought that the whole question of microscopical 
measurements wanted going over and revising. It had heen said that 
there was a Society's screw for objectiyes, but when he wrote to the 
Assistant-Secretary to ask him for a standard gauge, he was told he 
could not be supplied, and so he found that his mounts of Powell and 
Lealand's would not fit Boss's, and that Smith and Beck's again 
differed from these. 

Mr. Beck said, there certainly was a standard in the possession of 
the Society, which was made by Whitworth at the time the question 
was settled, and there could be no doubt that by applying to 
Whitworth they could get others so exactly the same that all made to 
it must accurately fit one another. The differences now complained 
of were owing to makers not haying revised their screw tools from 
time to time, so as to ensure that they were accurate. 

Dr. Edmunds said that there were also other questions that 
should be pronounced upon by the Council. For instance, what is 
the ** 10-inch " tube ? In practice the length varies with each of the 
makers, and the eye-pieces are so constructed as to destroy all 
uniformity in the datum point at the eye end of the tube. Practically 
the eye end of the tube measured from the diaphragm in the eye- 
piece. Nevertheless the 2-inch eye-piece — one of the chief makers 
only excepted — was shouldered about an inch beyond its diaphragm. 
On the other hand the ^inch eyepiece necessarily has its shoulder 
about on a level with its diaphragm. It followed that in changing 
the 2-inch eye-piece for the i^-inch the optical tube was lengthened 
no less than an inch. Therefore the amplification given by the 
objective at the point where it was taken up by the eye-piece, was 
greatly increased while the objective itself needed to be readjusted, 
and to have its focus shorfcened before it was fit to be viewed by the 
^inch eye-piece. Yet all this could be remedied by the simple plan 
of shouldering the eye-pieces on a level with their diaphragms. Then 
again, why should not the visual and substage tubing of the large 
microscopes always be of the same size ? At present several of the 
chief firms made their substage tubing different in gauge from their 
own visual tubing, and consequently the eye-pieces could not be used 
for condensers. Nor was there any adequate reason why all the 
large microscopes, and on the other hand, all the small microscopes, 
should not be made to a standard gauge, so that apparatus made by 
various makers could be used indiscriminately. 

The President said that as to the standard of the Society's screw, 
that was carefully kept in the possession of the Council, and copies 
could no doubt be obtained from Whitworth if they wero requirod. 
With rogard to the prosent discussion, it would be understood that 
Mr. Beck would be kind enough to give them his ideas on the subject 
of micrometric measurements, and that Dr. Edmunds would similarly 
undertake the other questions as to size of screw, tube, &o. 

A letter was read from Mr. F. Habirshaw, of New York, in roply 
to one addressed to him by Mr. Crisp in referonce to the discussion 
that had recently taken place on the '' Bevification of Diatoms," and 
particularly the note on p. 160, in which Mr. Habirshaw said, 
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^ Without doubt, the diatoms were alive. Nothing was used but 
filtered water from the ship's tanks, and I have not the least donbt as 
to their reyification. Captain Mortimer is an accomplished naturalist, 
and not a man to make idle assertions, or b% easily led towards 
error." 

Hr. Criro described and exhibited (1) the '^ Miniature Micro- 
scope " of mr. Browning (see p. 296), intended as a more powerful 
Bubstitate for a hand lens, and capable of holding ordinary slides. 
The one exhibited, which was in nickel silver, was examined by the 
meeting. (2) The *' Transporteor Monnier," which was said to remedy 
the annoyance occasioned by displacement of an object (which' had 
been carefully arranged in the proper position in glycerine, &c.) when 
the covering glass was put on (see p. 265). Whetiier there was any 
sach an evil to be corrected, those who were more eq[>erienced in 
mounting than he was would be able to say. (3) An objective made 
by the Baasch and Lomb Optical Company, of New York (under 
Mr. Gundlach's patent), with ike " new " corroction adjustment (see 
p. 252). Mr. Ingpen undertook to examine the objective, and to be 
prepared to say something on the usefulness or otherwise of the 
addition at the next meeting. 

The President announced that the first of the <' Scientific Evenings" 
for the present session would take place on Wednesday, 27th Novembar, 
when he hoped the Fellows would assist in making the meeting as 
interesting as the previous ones had been. 

Donations since the June meeting (exclusive of exchanges) : — 

From 

American Jotunal of Microsoopy, April to September 7%« EdUor, 

Cox, J. D^ Dr., Isthmia nervoaa^A Study of its Modes of Growth and 

Reproduction. (From American Journal of Miorosoopy, vol. iii.) Author, 
Dallinger, Rev. W. H., On the Life-History of a Ifinute Septic 

Organism. (From Ploc. Roy. Sbc., vol. 27) Ditto. 

Fischer, Prof. A., Le Microsoope Fancratique, 1841 ifr.F^xmk Critp, 

Naturalists' (U.S^ Directory for 1878 Mr, F. Hcinnkam. 

Journal of the Cincinnati Society of Natural History. VoL L, 

Nos. Iand2 SociHy, 

Memorias da Aoademia Real das Scienoias de Lisboa for 1875 Academy, 

Mineralogical Magazine. Vol. II., No. 9 Society, 

Orth, Dr. J., Cursus der normalen Histologie, 1878 Mr, Frank Uriap* 

Sessfio Publica da Aoademia Real das Sciencias de Lisboa, 1875 and 

1877 Academy, 

Proceedings of the Geologists' Association. VoL V., No. 6 .. .. Society. 
Eighth Report and Abstract of Proceedings of the Croydon Micro- 
scopical Club, for 1877 ayft. 

Yerbandlungen des Naturhistoriscih-Medicinischen Yereins zu Heidel- 
berg, 1878 .. .. 

The following gentlemen were elected Fellows of the Society : — 
Major A. Morton Festing, F.M.8., Staff Paymaster Army Pay 

Department; John Borland, Esq., Member of the Pharmaceutical 

Board of Examiners for Scotland. 

Walteb W. BietbS) 

AB9iat,'8«!r^tary, 
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L — On a Species of Aearus, hdieved to he new to Britain. 

By A. D. MioHABL, F.R.M.S. 

(Bead btfore the Rotal Micbosoopigal Society, let May and iZlh 

December, 1878.) 

Plate XVI. 

Cheyhtvs venuatimmua. 

In the beginning of January last (1878) I found this species, 
which I believe has not hitherto been detected in Britain,* in a 
stable; near Tamworth I noticed one or two minute red specks 
running rapidly over the fodder. I secured three or four for 
examination, and I then ascertained that it was the Cheyletus 
venustimmus of Eoch;t that author, in his work published in 
1839, describes and figures the species in a meainer sufficient for 
identification, although somewhat wanting in detail ; he states that 
it was then found in the neighbourhood of Begensburg and in 
Rhenish Bavaria, and was somewhat rare. 

The species is not noticed by Walckenaer and Qervais, and I am 
not aware that any subsequent author has noticed it, except by 
stating that Koch gives it as one of the genus ; as Koch's notice 
is not very full and does not mention the larva, pupa, &c., a 
description may possibly be acceptable. 



EXPLANATION OF THE PLATE. 

Cheyletus venustissimta. 

Fio 1.— Under side of female x about 70 (the imbrication of the hairs is some- 
what exaggerated) ; a, horseshoe-shaped ridge round anus. 
2. — Bostrum and palpi x about 200 ; a, first joint of palpus ; 6, second 

ditto ; c, falx ; d, third joint of palpus. 
8. — Larva. 
4. — Foot highly magnified. 






** Subsequent to the reading of this paper Mr. Mclntire was good enough to 
show me a slide of unnamed Cheyletus captured by hira. It has been mounted 
some years, but I tliink it quite pc«sible that it niay have been this species. 

t * Deutscbland*8 Crustacecn/ Heft zxiii. p. 22. 

VOL. I. Z 
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The spedes, while ihoronghly pies^ying all the aboTB-named 
characters of the genua, which are yery marked, is, as fieur as those 
characteristics will allow, a complete contrast to that last described, 
its red or orange colour, lighter build, and longer legs, evidenily 
adapted for speed and actiyity, making it a remarkably different- 
looking creatore. 

The median stripe in this species is very conspcnons, and ex- 
tends from the widened oeeophagns to near the anns, and is formed 
by the alimentary canal showing through the skin ; the normal 
shape of the stripe is that of an hoar-glass, and the colour is 
opaque white ; the shape of the marking, however, varies consider- 
ably, both in different individuals, and in the same individual from 
time to time, according to the position o£ the food in the canal, and 
the 'quantity contained. The body on each side of the median 
stripe is red or orange, the palpi, l^s, and oesophagus clear light 
yellow or yellowish white. 

The shape of the body, as in all the Gheyleti, is diamond or 
coffin shaped, with the anterior part of the diamond shorter than 
the poetenor, and the front and anal angles rounded off, the points of 
the lateral angles being formed as in the last species ; but the body 
in VenusHssimua is longer in shape, being nearly twice as long as 
it is broad, without the rostrum, and mnch flatter, the thickness not 
being above a sixth of the width at the widest part. The diamond 
shape is not so conspicuous as in the last species ; the body is 
marked by five slight constrictions, which produce a somewhat 
scalloped outline; the constriction between the oephalothorax, 
which occupies over two-thirds of the whole bulk, and tne abdomen, 
is only sUghtly marked on the upper side or at the edges, but on 
the under sur&ce it is marked by a very deep depression, vridest on 
the ventral surface, and narrowing inwards; the raised median 

Sortion of the under surfiEU^ of the cephalothorax slopes suddenly 
own from nearly opposite the insertion of the fourth pair of legs to 
the bottom of this depression, forming a blunt oblique triangle. 
The anus is placed in the centre of a strong horseshoe-shaped ridge, 
with the points drawn out laterally, which is marked with 
nnmerons folds, and is probably contractile. The skin of the legs, 
palpi, and under side of the body is very finely striated ; the stria- 
tion is, however, not nearly so strong as in the last species, and on 
the body the colour renders it difficult to see. 

The anterior pair of legs are £ELr the longest, and very thin and 
fine ; these legs constitute the most marked characteristic of the 
spedes, being strikingly different from the comparatively short firm 
legs of the otiier Oheyleti, particularly the last species. The coxa is 
short, stouter than the other joints, and is somewhat angled on the 
posterior side. The second joint (or trochanter) is long and 
straight ; it is decidedly striated. The third joint (tiie femur) is not 
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much above half the length of the aeoond. The fourth joint * is 
nearly as long as the second, and has the inner side of the posterior 
articulation projecting. The tarsus has a slight shoulder a little 
beyond the articulation, from this point it narrows in and becomes 
very fine ; the tarsus is the longest joint of the leg ; the tarsal 
sucker of this particular leg is small and fine, and tixe claw very 
small and difficult to make out. 

The use of this first pair of lec^, and the distribution of the 
hairs on all the legs, are mentioned below. 

The second, thud, and fourth pairs of legs, although longer than 
in the last species, do not vary from the usual type of the genus 
sufficiently to render it necessary to describe them. The sucker 
and claw and its supports are given in the drawing (Plate XYI., 
Fig. 4). 

There is a row of seven or eight strong hairs on the upper side 
of the body, a Uttle within the edge, the first three near together ; 
each coxa bears a strong short curved hair pointing downwards and 
towards the foot. The first pair of legs have on the second joint 
two longer straight hairs a httle beyond the middle, one on the 
upper and one on the under side ; on the third joint two similar on 
the upper side, a Uttle before the middle; on the fourth joint 
two similar at the commencement on the outer and upper side, 
and one short one on the hinder and xmder side, one short 
and one long about the middle of the joint, and one very long 
strong one on the upper and outer front end of the same joint, this 
is the longest and strongest hair on the creature ; on the tarsus 
there is a similar hair, not quite so long as the last, springing from 
the upper sur&oe at the before-mentioned shoulder. All these 
hairs are conspicuously imbricated, like those of the Indian bat ; on 
each side of the point of the tarsus is a long strong hair, and in the 
centre is a shorter and finer one ; these hairs are closely jointed or 
ringed, but are not imbricated. 

The second pair of legs have a pair of hairs on the third joint, 
and two pairs on the fourth joint, all imbricated ; one smali one 
half-way down the tarsus, and two pairs at the extreme end, all 
small and plain. The third pair of legs have a pair of hairs, and 
the fourth pair of legs one hair on the second joint, the hairs on the 
remaining joints being like those of the second pair of legs. 

The palpi in this species are without teeth on the fiEiIces, other- 
wise like the last species but slighter (Plate XYI., Fig. 2). 

It is well known that in the acari the first pair of legs are 
modified palpi, and M. Bobin has remarked that in some instances 
they appear not entirely to have lost the office of organs of touch ; 

* This joint is called the tibia by Nicolet. Robin rejects this name, and 
calls it " la jambe," following Sayigny in reserving tibia for the lower half, 
where this joint is divided into twp shorter ones. 

z 2 
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my obs6r¥ations on the present species lead me to the conclusion 
that it is a striking instance of this, indeed it would be more correct 
to say that they have hardly acquired the office of legs ; they do 
not seem to bear any of me weight, but when the creature is 
moving, they are held slightly elevated, nearly horizontal, are con- 
stantly tremoling, and seem to touch the ground very lightly at 
every step, and when the mite is about to ascend any obstacle, they 
are always put out, evidently to feel, first, but it does not climb by 
them. 

I brought one Uving specimen from the country on the 5th of 
January, 1878 ^the other two or three which I had caught having 
been mounted), oy confining it in the manner before named, with 
a little dust from the fodder; I kept it alive for nearly three 
months, it became quite accustomed to its cage, and seemed, up to 
the time of its death, on 29th of March, which was after it had de- 
posited its eggs, and some of the young had emerged, strong and 
well. Its habits seemed difierent from tihose of the last species ; it 
used to lie in wait with the front legs, and the palpi widely ex- 
tended, and generaUy hanging from the under surface of sonMs- 
thing ; whenever I have put a cheese mite near it, or whenever I 
have seen one go there, it has retreated without attacking them, but 
those I put in one day were almost always dead and sucked dry by 
the next day. On one occasion only I saw it seize its prey : then the 
cheese mite came well between its palpi, and with one vigorous 
stroke it drove the great falces at the end of the second joint 
right into the body of the mite, and then plunged its rostrum in, 
and the mite was dead directly. 

I brought the creature from the country, as before stated, on 
the 5th of January, and put it alone in the cell, inspecting it very 
frequently, hoping to breed from it, but for a long time I was 
unsaccessful, and began to fear it was either a male or unim- 
pregnated female; on the 19th of March, however,! saw a nymph 
emerge from under the dust. I examined, and found some eggs, 
which could not have been there long. The next day a larva 
appeared, and I have subsequently bred others. I cannot ascertain 
that anyone has before discovered any of the earlier stages of this 
species. Eoch does not mention them. 

The eggs are short ellipses with blunted ends, very polished, 
and of a pearly white ; they are laid singly, L e. apart from each 
other, and each egg is attached to the subsiance it is laid on by a 
few very fine threads. 

The larva is hexapod; much smaller and shorter than the 

Eerfect creature, but otherwise similar in form ; the colour, 
owever, is clear yellowish white or light yellow, like the legs of 
the adult ; the front legs are similar, but the tarsus is terminated by 
a single long bristle instead of two, and this one, although springing 
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from the outer side, is sharply bent round ahnost immediately, bo as 
nearly to continue the line of the leg. 

The nymph is octopod, very like the perfect acarid, but smaller 
and shorter ; it has the red oolonr of the adnlt« 

Since the above paper was read I have succeeded in finding the 
male. I continued breeding the creature in hopes of obtaining it, 
but without result, until nearly the end of August, when suddenly 
a batch appeared nearly all males. The chief differences between 
them and the females are that the former are considerably smaller 
in size, about *018 inch long instead of about '025, which is the 
average length of the females. The body in the male is more 
elliptical, less diamond-shaped, the difference in shape being mainly 
the result of the smaller proportionate size of the mammilkry pro- 
cess at the side. The anus, moreover, is prolonged in a short 
point, whereas that of the female is rounded. The penis, which is 
very long and cylindrical, is retractile within the abdomen, but 
emerges at the posterior end immediately above the anus, an 
arrangement unusual among the Acarina. The legs are rather 
stouter in proportion in the male and the hairs less strongly imbri- 
cated, and the inner pair at the posterior of the abdomen are 
smaller. I am not aware that the male has been previously ob- 
served. It is difficult to account for the males appearing so 
suddenly, but possibly the nvhih females may be found at one 
time of year only— tlua I have not yet ascertained. 
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II. — On the VisibUUy and Optical Aspects of Hairs viewed from 
a Distance. By Henby J. Slack, F.G.S., President K.M.S. 

(^Read before the Rotal Miobobcopical Society, November 13, 1878.) 

Dr. Boystok - Pigott's obgeryations on the visibility of minute 
objects suggested the following experiments. The first was to try 
at what distance persons of average good sight could see a human 
hair y^ inch in diameter, and eight or nine inches long, fixed 

by a little gum at each end to a window-pane of plate glass. Five 
arsons, three being ladies of different ages, all saw it distinctly at 
14 feet, against a whitish sky. By shifting the position of the 
observers the background could be varied with different sky tints, 
or by bringing rich green cypress trees into view. A white cloud 
as background gave the best result ; the dark trees answered well 
in some lights, and clear bluish sky considerably shortened the dis- 
tance of visibiUty. These trials were made with the hair on a 
northerly window, by observers looking at it from the north-east 
The day was fine, and the time about 10.30 and 11 a.m. on the 
3rd November. Similar results were obtained on other days. 

Immediately after these experiments on the 3rd November, a 
similar hair was stretehed vertically across a small pane of glass, 
which was raised about 10 feet on a pole, placed te the east, and 
with clear sky behind it ; the sun being within an hour or less of 
south. One of Browning's Fanergetic opera-glasses, with 2^ field 
lenses, and excellent corrections, magnifying rather less than 2, 
enabled one of the party te see the hair instantly at a distance of 
50 yards. The other four all saw it with the same instrument, 
but had te take great care, and succeeded best by steadying them- 
selves against a wall. The spectators all stood in the shade. 

It bein^ obvious that a pane of glass behind the hairs might 
affect the vision, a frame was made of deal lath, with an opening: 
5 inches square, and two hairs — ^— inch in diameter stretehed 

. 1000 

across it at right angles to each other. This frame was fixed to a 
post, so that tiie crossed hairs could be seen in full face from either 
north or south. The time was 9th November, from 10.15 to 
11 A.M. ; the sky being very dear and sun briUiani Standing with 
our backs to the sun, both hairs were distinctly seen by my wife 
and self, at a distance of 29 feet, with a bluish grey sky for a 
background. When a sheet of white paper was placed behind the 
frame, the hairs were visible at nearly 46 feet (45 feet 6 inches). 

By this time the sun was rapidly gaining a position most &vour- 
able to a brilliant illumination of both hair^ but especially the 
horizontal one. The hairs were then viewed from the north, and 
seen at a distance of 76 feet with a clear bluish sky background 
and naked eye. By a slight shift of position the sky background 
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was exchanged for a wliite wall, and the hairs were seen at a 
distance of 113 feet. Just abont eleven o'clock the snn Ut np the 
horizontal hair with a brilliant glow, and then an image, formed by 
it, was distinctly seen at the great distance of 173 feet, bnt the 
appearance was not at all hair-like. It was far too broad, and not 
sharp at the edges. The opera-glass did not make it look like a 
hair, bnt left no donbt that the lutir caused the image, and that the 
image corresponded with it in position and length. A pencil was 
then held oyer the horizontal hair and seen with the opera-glass, 
without distortion. As soon as the sun's motion carried it from the 
moist favourable position for lighting up the hair, it ceased to give 
any image visible at a long distance. 

In experiments with h^irs attached to a window-^ne, it will be 
found that the quantity and direction of the sunught, and the 
colour of the background, and its degree of illumination, all affect 
the apparent diameter of the hairs. A diffused rain-cloud with a 
good deal of white li^ht in it, gives a small diameter, and very 
sharp definition. Taking this as the most correct aspect of the 
object, any change of conditions which makes it look broader must 
be regarded as introducing optical errors, and it may be remarked 
that when, after viewing a hair two or three feet off, it is viewed at 
15, 20, or 30 feet off, it does not seem to have its diameter 
diminished, as would result from perfectly accurate vision. 

So long as the image seen by the eye corresponds tolerably 
well with the true aspect of a hair, it is fisdr to say, ^' I see the 
hair ; " but when such aspects are afforded as in the experiments 
with fuU solar illumination the hair is not seen, but only the effect 
of its reflexions and refractions on the solar beams. 

If an observer, seeing this appearance, concluded that the 
frame had a band across it in a central position, he would be right ; 
but wrong if he attempted to estimate its breadth, or to decide 
upon the nature of the substance composing it. This is a case of 
a kind of vision giving some information that corresponds with 
fact, coupled with other information timt differs widely from fact ; 
and an inquiry suggests itself whether a good deal of vision 
obtained with high powers and peculiar illumination does not 
partake of this character. 

On the 12th November, the sunshine being brilliant and air 
clear, the experiments were repeated. At 10 a.m. both hairs were 
sharply seen at 105 feet, without distortion. At 10.12 the 
horizontal one was seen at 110 feet, and at about 115 feet twelve 
minutes later. The sky then became hazy, aod the hairs invisible 
at the long distances. 

About four o'dock on the 11th November, when walking up a 
hill two or three miles south-west of East Grinstead, the vanes 
standing above the angles of the four square towers caught the 
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sunlight and gave the appearance of a broad golden band fimspended 
in the air above the tower. The vertieal diameter of this band 
far exceeded the optical angle nnder which the vanes would have 
appeared if it had been possible to see them correctly with the 
naked eye ; bnt there was no error of position, and the grouping of 
the vanes in one unbroken line simply arose from the distance 
being too great for the interspaces between them to be noticeable. 
In such a case what is seen ? Certainly not the vanes, bnt a well- 
defined optical image differing considerably from them. The non- 
correspondence of this image with fact was inferred partly from 
the observers having seea the vanes at a short distance, and partly 
from the improbabUity that anyone had suspended a broad gilt 
band in such a situation. Had there been no knowledge of the 
real structure and no improbability in there being a broad gilt 
band over the tower, the optical appearance might have led to a 
belief in its existence. May we not suppose that microecopists are 
sometimes in danger of bemg misled by appearances they have no 
means of bringing to any decisive test ? 
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III. — On the Measurement of the Angle of Aperture of Objectives. 

By F. a Wenham, P.E.M.S. 

{Bead before the Botal MicBOSoonoAL Society, November 13, 1878.) 

Tn arranging in the form of a paper, some recent inrestigations on 
this yet undecided qneetion, I have no desire to maintain a con- 
troyeisy that has at times app^ed as one of personal feeling 
instead of scientific reasoning. The facts cannot be established by 
a majority of opinions, bnt by actual experiments. It is to these 
principally that I now refer. 

Professor Stokes, at the meeting of this Society held in Jnly 
last, has brought forward a qaestion, and shown in theory that by 
means of a front lens, with an emergent snr&ce exceeding the 
hemisphere, a ray may be refracted within the substance of the glass 
in a direction at right angles to the axis or at an angle of 180°. 
He then remarks that if the reduction of the surface be to a hemi- 
sphere, '^ the aperture in glass, though reduced from the extreme of 
180, still remams yery large." 

It is with front lenses haying refracting surfiEtces less than a 
hemisphere that we haye been dealing, and to such Professor 
Keith s paper on the ToUes ^ refers. It may be stated that 
we are not seeking for foci within the front lens, or yet on its 
surface. An immersion lens is not useful for yiewing diatoms 
in balsam only. Eyery lens tljiat I haye seen professing 180"^, 
whether it has an adjustment or not, is expected, and does, in fact, 
focus upon dry mounted objects. This necessitates a correct focus 
at a little distance beyond the last sur&ce, from a position which 
must include a less air angle than 180^, and is consequently within 
the critical angle of nearly 82'' in the crown glass. 

The i referred to belonging to Mr. Crisp has considerable 
focal distance in air, and I am confident that when the axial angle 
is correctly measured it will be proyed far short of 180'^, and tiie 
whole of Professor Keith's calculations concerning it must Ml to 
the ground. The practical obstacles which haye hitherto preyented 
the construction of any objectiye reaching to an air aperture of 
180° still exist 

As much importance, both theoretically and practically, appears 
to haye been attached to the last few degrees of extreme angle of 
aperture yerging upon 180°, I repeat that the yalue of aperture in 
theory, considered as a question of rays collected, is palpaoly as the 
chord of the arc including the angle, or, in other words, in propor- 
tion to the sine of the half angle ; for large angles so smaU is the 
comparatiye increase, that the difference between 170° and 180° is 
only as 99*6 to 100. But settmg theory aside in this question 
as not always working harmoniously with practice, let it be consi- 
dered, experimentally, what is the probable miportance to definition 
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from rays proceeding at extremely oblique angles from flat sarfaces 
having a raised configuration or structure. Take, for the first 
example, a piece of coarse-grained canvas or other &bric. Throw 
li^ht upon or through this obliquely, and examine it at various angles 
with a shallow magnifier. At visual incidences greater than 45"^ or 
b(f no advantage will be gained ; on the contrary, there will be a 
positive loss of definition. The same effect is seen on a different 
surface consisting of uniform glistening particles, such as bird-seed. 
To this dissentients vnll say, " xou are comparing observations under 
a low magnifying power or with none at all to those made with the 
microscope,*' but relatively the conditions do not differ. Perhaps 
the most trying work for a hand magnifier is in examining the 
polish of glass surfaces in order to ascertain if all the '' greys are 
worked out. For small lenses a half-inch achromatic is used, held at 
an angle of about 45^ ; at a greater an^le the extremely fine specks 
cannot be discovered. Light is directed at a great obliquity on the 
surface or is transmitted. Uneducated workmen do not reason 
about any theory of angles, but adopt the one that gives the best 
result, simply because they find out at once that it does so. 

My argument is that the angular aperture of microscope object- 
glasses has hitherto been erroneously measured by all the usual 
means, in which the outer oblique rays extending to the margin of 
the field of view have been in all cases included, and, in fact, constitute 
the fiilfle measurement. The true angle is the cone of rays diveriring 
from an atom or point in the centre of the field. Other pencils of 
greater obliquity defining atoms at the margin, are exclusive and 
independent of the central rays as much as the different objects 
themselves, yet it is the direction of these exterior rays that we 
have hitherto been measuring. Th^e seems to be an absence of 
experiment, or disinclination to admit the evidence of such an error. 
For one proof of an example wherein angle of direction is erro- 
neously measured as angle of aperture, unscrew and remove the 
back lenses of high-power objectives, and measure the apparent 
apertures of the/ran£s alone by any of the usual methods, such as 
the traversing sector, or by the angle of direction to two distant 
images. The angle of the front lens alone of a ^ thus measured 
came out as 83"^, simply because the back lens included nearly a 
hemisphere, which admits lateral rays from a wide angular direc- 
tion. The aperture of the front of a iV appeared as 110^, and 
that of a 1^ as 122^, because more rays entered sideways, as the 
back surface in these last lenses is almost a hemisphere. This 
exemplifies the absurdity and utter inaccuracy of the usual mode of 
measuring angle of aperture, as we know that these single lenses 
have in reality an angle of aperture of a few degrees only. 

In order to define more clearly the direction of these outer rays, 
that cause indications of false aperture, I tried the following expo- 
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riment. I selected a ^ wliich worked as an immersion, as this 
position prevents confusion concerning other points of adjostment. 
The fall aperture, as measured by the ^sector through a slide with 
water between that and the front lens, was 120°. The focal dis- 
tance as immersion was * 041. The diameter of transmission on the 
surfaces of front lens was * 07, ascertained by allowing a drop of 
milk to dry on the front and measuring the diameter of the light 
spot from parallel rays entering from the back, using a low-power 
object-glass and micrometer eye-piece for the measurement. 

The field of view included a diameter of '03 on a stage micro- 
meter. With the exact focal distance from the front lens as a 
starting point, it remained to ascertain what were the apparent 
apertures taken through various stops of definite diameter set dose 
to the front, that could only admit the base of a cone of rays from 
an angle proceeding from the axial focal point up to a known 
diameter of stop. The arrangement that 1 use is a form of ad- 
justable slit, consisting of two strips of very thin platinum foil ; one 
piece is cemented on to a slip of thin plate glass, which is made to 
slide under two staples by a micrometer screw acting against a 
counter spring. The fixea strip of foil is attached to one of the 
staples, so that when the screw is quite home the edges meet. The 
various widths at which the instrument was set were measured 
under the microscope with an eve-piece micrometer. Having got 
the desired width, the object-glass to be measured was attached, 
and the body of the microscope lowered till the slit came in contact 
with the frx)nt lens, a drop of water having been placed over the 
slit to prevent undue refraction, and obtain more light. 

The apparent angles included by these limiting edges or stops 
were measured by the usual sector method, of rotating the micro- 
scope on a tum-teble graduated into degrees, and ascertainiDg the 
vanishing point of a £stant light ; or, preferably, by means of an 
examining lens at the eye-piece, for observing the disappearance 
from the field of an actual image. 

The real or true angles were estimated from the distance of the 
focal point, up to the known measure of the edges of the stop. 
Avoidmg fractions of degrees, the following table gives the com- 
parative results : — 



Working 
Diameter of 
Front Lens. 


Falw 
Aperture. 


True 
Aperture. 


Working 
Piameler uf 
Front Lens. 


Falae 
Aperture. 


True 
Aperture. 


•07 
•06 
•05 
•01 
•03 


o 
120 

118 

116 

103 

88 


l9 
80 
70 
58 
45 


1 

•02 
•01 
•005 
•002 


o 
68 

59 

53 

50 


o 
81 

16 

8 

8i 
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The last item obtained with a stop 3^^ of an inch in diameter, 
indicates an aperture of 50^ by the nsnal methods, whereas the trae 
angle is only 3j^^, an error being shown in excess of more than 
fourteen times. The annexed diagram demonstrates the cause of 
this error. The central angle shown is the true aperture assigned 

by the small stop at the basa The 

oolique angles represent the pencils, in* 

eluding the field of view, and showing 

pig light or an image at the eye-piece, up 

\sX/\ ^ *^ angular range of 50°. It is tiiese 

outside rays which are superadded to 
angle of aperture taken by the usual 
method, and which are the cause of 
erroneous indications greatly in excess 
of the true angle. 

The foregoing is a mere illustration 
of excessive angles, indicated from ob- 
lique pencils, or angle of view alone, 
irrespective of true angle of aperture, 
for, of course, limiting stops of known 
diameter placed on the fixmt lens serve no 

5urpo6e for measuring full central anglea 
]he difficulty of estimating the degrees of 
these angles accurately, hj such minute 
measurements as the focal distance, and 
working diameter of the front lens, may be avoided by halving 
tlus as an unknown quantity, and obtaining the value of the centr^ 
angle by the differential results, shown between a half-obscured 
front surface and an entire ona That which is understood (and, in 
fact, always has been) as a definition of angle of aperture, in a 
micro object-glass, is a triangle having a base equal to the available 
diameter of the front lens, and a height equal to the focal lengtli 
measured therefrom. Now it is clear that if half the front lens is 
stopped off diametrically close to the surface, only half the base of 
the triangle must remain, and consequently but half the existing 
angle or cone of rays in the axial direction. ^ the sector measure- 
ment such is not shown to be the case. IJie apparent degrees 
from a half diameter of incident front surfieuse are much in excess of 
a half quantity, because the rays that form the oblique pencils 
extend behind and under the half stop, nearly to the margin of 
the field of view beneath. These are beyond me true axial angle 
of aperture, and are the cause of the false quantity always measured 
in excess of the proper angle, the rays including the angle of 
field must therefore be deducted up to the centre. This the half 
stop enables us to accomplish. Using the sector measurement the 
rule is this. Subtract the degrees shown by half the lens from 
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the degrees of the entire lens, and twice the differenee is the 
aperture. 

By this eimple rale we eliminate the angle of field, which has 
hitherto been erroneously added to angle of aperture. In order to 
obscure the half of the front lens, take a small piece of tinfoil with 
a clean-cut edge, lay this on a glass slip, and smear its upper 
surface with a bit of dry soap (anything moist will bedew the 
glass), place this on the microscope stage, and bring the edge in 
focus under the object-glass, until it exactly bisects the field 
vertically. Then lower the object-glass on to the foil, which will 
adhere to the front lens. The microscope body may then be laid 
horizontally, and the apparent aperture of the open half of the lens 
measured by the sector, which invariably indicates considerably 
more than half of the full aperture, taken by the same method. 
In objectives of large angle, twice this half measurement will 
amount to absurd and impossible angles. 

The application of the above rule will require to be thoroughly 
investigated before it can be finally adopted. In every case it 
brings out a reduction on the degrees of aperture indicated by all 
the modes of measurement in present use. I give its test, on what 
I have repeatedly stated to be fabulous apertures, viz. 180^ I 
have one of these objectives — a ^ — yet in ridiculous disproof of 
such an aperture (which would bring the focal plane on to the surface 
of the front lens), it is remarkable for its working distance, and will 
penetrate through the cover of any object in my cabinet, and used 
with thick covers, either as immersion or dry, its performance is 
very fine. Taken by the sector, the open aperture, or what I will 
term angle of field, is 180^. The aperture of half this lens is 115°, 
iwice the difference is 130^; this represents the degrees of the 
central pencil, which is the true aperture. I take another example 
of an immersion lens, in which the maker actually claims '^plus 
180°." On trying this by the sector, the light image vanished 
at a range of 178°, beyond which it was totally obscured. The 
aperture of half the lens was 114°, twice the difierence is 128°. 
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IV. — Improvements in the Micro-spectroscope. 
By F. H. Wabd, M.RC.S., F.R.M.& 

CRead he/ore the Rotal Micboscopical Societt, December 13, 1878.) 

Plate XVU. 

Eably in this year we were reminded by Mr. Crisp * that one 
of the objects of this Society was the promotion and diffnsion of 
improvements in the optical and mechanical oonstmction of the 
microscope, and as during the last twelve months I have been 
making some experiments vnth a view to modifications of the 
micro-spectroscope, and have just received from the maker an 
instroment which differs in several particulars firom the nsoal form, 
I have ventured to brings it before the Society, and after pointing 
out the features in it which I beUeve to be new, shall leave it in 
your hands to decide whether it is an improvement or not. 

One of the first things which struck me as being an imperfec- 
tion in the ordinary instrument was the slit, and the fiEunUty yntii 
which its jaws collect dust, thus causing those objectionable black 
lines across the spectrum, and though when the spectroscope is to 
be used in conjunction with the microscope the sht is mucn moro 

1)rotected from dust than in a table spectroscope, yet, neverthe- 
ess, from its internal position it is more difiScult to get at, and 
sometimes Uttle particles remain after several attempts to remove 
them. I cannot claim to have done much work myself in this 
branch, but I am told that with an instrument in constant use, the 
slit is liable to get out of order, and requires adjustment to maintain 
the perfect parallelism of the jaws and the integrity of their opposed 
edges. 

As soon as I began to make inquiries on the matter, I found I 
was by no means the first who had recognized these difiSculties, and 
that during the last twelve years others had been considering what 
oould be employed as a substitute for the slit. Beturning one 
night from one of our meetings, it suddenly occurred to me that if 
a rectangular glass prism was tskken and the apex of the right angle 
carefully ground on and the resulting &yce polished, it would 
transmit a narrow pencil of Ught, which would work admirably in 
spectroscopic examinations, any Ught fedling upon the sides of the 
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Fia. 1. — New mioro-Bpectrofloope. 
„ 2.— Plan of intexiial platform, showing priBm fitting, with three prisms in siYn , 

comparison pnsm with slot, &c. 
„ 3. — ^Tube carrier for comparison stage. 
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prism being at the same time totally reflected. I thought the 
matter over for several days, and then conferred with Mr. Hilger, 
than whom I suppose no more competent authority exists on the 
construction of instruments for all the branches of spectrum 
analysis, and the result was a visit to his workshop with Fome 
prisms to put the matter to the test. A few minutes sufficed to 
remove the right angle from the prisms, and a few touches on the 
polisher gave a brilliant but narrow sur&ce, quite sufficient to indicate 
as a rough experiment whether the method were likely to answer if 
more carefally carried out. Not having a microscope at hand to 
which it could be easily adapted, and wishing to submit the plan 
to as severe a test as possible, we opened widely the sUt of a teble 
spectroscope and secured the prism in the centre of the opening. 
The battery of this instrument consisted of four large prisms, each 
with an angle of 64'^, the faces of which had a width of three inches, 
and as it was so arranged that the ray should traverse them four 
times, the length of the path in the centre of the prisms was about 
25 inches. Placing some sodium salt in a Bunsen flame, we tested 
the result, and found the D lines well separated and beautifully 
distinct and sharp. We also tried lithium, calcium, and carbon, and 
the results were equally good. 

I was so pleased with what I considered the success of the attempt, 
that I directed Mr. Uilger to construct me an instrument for my 
microscope in which three prisms should be substituted for the usual 
slit, and supplied him with a plan by which either one of the three 
could be slipped into position for use. Subsequently, when I had it 
in my possession and tested it by examining the continuous spectrum 
of various solutions, I found the result, however, by no means satis- 
fiactory : I do not think there is any other word by which to describe it 
than failure. The bands across the epectrum were far worse than those 
from the dirtiest slit ever seen. Trying it again for the sodium 
line, I found it sharp and bright, though only single on account 
of the much diminisned magi^ying power, and I was reluctantly 
compelled to acknowledge that, good as it might be for bright line 
spectra, it had failed for continuous spectra. 

The next question to decide was, whether the failure was due 
to an optical or mechanical cause, whether the theory was right, 
but the practical working out of it imperfect : I was disposed to 
beUeve it was the latter, and not being deeply versed in optics, I 
could only satisfy my own mind by farther experiments. 

I examined with a lens the edges of the linear surfaces, if I 
may use such an expression, of the prisms, and found that they 
were not perfect, that there were minute depressions, tiny splinters 
of glass gone, which, though invisible to the naked eye, were, I 
believed, the cause of the mischief. I had them reground and 
repolished several times with varying results, which I need not 
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describe. I had meditated from the first employing quartz as 
being harder and conseqnently more durable, but 1 wished to 
make use of glass if it were practicable. The next step was to 
grind three quartz prisms with great care and attention, and the 
result proved, I think, furly satisfactory, and are now submitted 
for your verdict 

It will, I think, be evident to everyone that if such a prism as 
I have described can without disadvantage be substituted for the 
usual slit, the narrow face of the prism may be very readily 
cleaned from any dust which may settle on it, by withdrawing the 
fitting and gently wiping it mth a handkerchief or other suitably 
soft material. For want of a more expressive term, I have called 
this arrangement a '' solid slit." 

It would perhaps be hazardous to state that it is quite a new 
feature in dass grmding to produce a surface of almost no width , 
with nevertheless sharp ^ges, but at any rate I believe it is new, 
and there can be no doubt that vnth more practice the workmen 
would become more proficient in the production of such surfaces ; 
upon these, of course, the whole value of the arrangement rests. 
It is very pleasant to beUeve our own designs perfect, our ideas right, 
and our geese swans ; but if you do not accept this which is the 
main feature of my instrument, some of the minor alterations, which 
I will lay before you as briefly as possible, may meet with some 
approval. 

Presuming that this prism arrangement is condemned, you 
will see that I have here a sUt arrangement, which slides in the 
same dovetail as the prism fitting. This is opened and closed by a 
micrometer screw from the outside, the head of which is divided 
for registration if necessary, the edge of the fitting carries an 
index, which slides past a silvered scale divided into lOOths of 
an inch. A better arrangement would have been to have a vernier 
instead of an index, and the readings then would have given 
thousandths, and the position of absorption bands or lines obtained 
by means of the bright spot above the direct vision prisms. There 
could be no more easv method, I think, for cleaning the jaws of a 
slit than by this metnod of making the fitting removable from the 

sida 

It is manifest that the distance between bands at the opposite 
extremes of the spectrum may be more rapidly measured oy this 
sliding movement than by numerous turns of a micrometer screw ; 
such screw, I think, should only be used as a fine adjustment, and 
if it has such work thrown upon it as I have suggested, it would, 
I beheve, be found to rapidly deteriorate. It may perhaps be 
argued that this sliding movement does not give such mciUty as a 
screw for accurately placing any line in exact juxtaposition with 
the point of the bright spot^ but I feel sure that anyone would find 
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this much easier than they might imagine, and that no one 
accustomed to the delicate manipulation of microscopic work 
would jSnd the slightest inconvenience from this cause. 

For micrometric purposes^ however, I have adoped the method 
which has been for some time in use, i. e. the image of a photograph 
scale reflected from the upper surface of the top prism. This 
image passes through two collimating lenses to render the rays 
parallel, and can be focussed by a sliding movement of the lenses 
in an inner tube by means of two pins passing through slots: 
I have had the head of one of the pins made to screw on, so that 
when the right position is obtained, a slight turn of the head 
renders it immovable by clamping the inner tube. The photo- 
graph image may be moved in three directions ; it may be placed 
across the top, bottom, or middle of the spectrum by rotating the 
cap, which carries the arm ; and it may be rendered parallel to the 
spectrum by rotating the arm on its own axis — a clamp is furnished 
for fixing it in the latter position ; thirdly, the image may be made 
to traverse the spectrum so as to get any division to correspond 
accurately with any band by a micrometer screw divided into 
lOOths of an inch, the head of the screw being also divided into 
lOOths gives a reading with a fixed index of 10,000tLs. The 
scale reads in the same direction as the wave-lengths, that is, 
the highest numbers on the scale are found at that end of the 
spectrum which has the greatest number of wave-lengths. 

For the comparison prism I have adopted one which has been 
in use a short time for astronomical purposes, that is, a right- 
angled prism with a slot ground in it ; through this slot the light 
passes from the object on the stage of the microscope, whilst the 
portions of the prism on either side the slot transmit the light from 
the object on the comparison stage of the spectroscope. The effect 
of this is that the spectrum is divided into three parts, the upper 
and lower of which are the same, if the aperture in the comparison 
sfa^e is covered by one object; but by a proper arrangement of two 
objects on the comparison stage, it is quite easy to display three 
different spectra at the same time; I do not, however, think that 
there is much practical advantage to be gained by so using three 
spectra. But I think in the case of two spectra but slightly 
different from each other, in the position of their lines, two compa- 
risons are better than one. It is as though you made two obser- 
vations at the same time. 

The face of the prism from which the reflection is obtained, is 
covered externally with a plate of very thin sheet copper, the 
surface of which is blackened. The comparison prism is moved 
into or withdrawn from position by the fitting to which it is 
attached, sliding in brass dovetail grooves ; this, I think, is more 
steady than the usual method of mounting it on a cylindrical rod ; 
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there are four screws in the brass angle piece, connecting the prism 
with the slide, by which adjustment in two directions may be ob- 
tained ; one renders the edge of the prism parallel with the slit, 
and the other renders the base of J;he prism parallel with the 
internal platform of the instrument. 

Quite recently another method has been used in comparing 
spectra together, and I have within the last week made this tne last 
addition to my instrument. Instead of having the spectra one 
above the other, in this arrangement they are actually superposed 
so that the whole of the field is occupied by each of the two, or by 
withdrawing the reflector a little, one half the field displays the 
spectrum from the stage of the microscope, and the other lialf this 
spectrum combined witii that from the comparison stage. 

This result is obtained in the most simple manner. To the 
end of the prism is cemented a small bit of glass with parallel 
surfaces in such a way that it forms, as it were, a continuation of 
the hypothenuse of the triangle of the comparison prism. It will 
be seen at once that it acts precisely in the same way as the glass 
in Dr. Scale's neutral tint reflector; some of the rays from the 
stage of the microscope pass through, and some of the rays &om 
the compariBon stage are reflected at right angles, and so jom the 
path of the former. 

The comparison stage is, I think, a much better form than the 
one in ordinary use ; it consists of a flat plate with two hard white 
metal springs, beneath which the usual microscopic shde may be 
readily inserted, or in the same manner the tube carrier. This 
consists of a strip of brass, to which two curved springs are attached 
for holding in position the tubes in which liquids for spectroscopic 
examination are generally sealed. 

To save the expnense of a second spectroscope^ I had an addi- 
tional tube made with an adjustable slit to take the same direct 
vision prisms, the whole closing in a case for the pocket, which is 
all that is required for the preliminary examination of many objects, 
or to ascertain the presence of certain absorption lines in the solar 
spectrum caused by vapour in the atmosphere, which, according to 
Professor Piazzi Smyth,* is a £u: more delicate means of foretelling 
rain than the variations of the barometer. 

I cannot conclude without expressing my indebtedness in these 
matters to Mr. Hilger for the readiness with which he carried out 
my suggestions, and for the practical hints he has given me ; but, 
above all, for his kindness in placing his valuable collection of 
prisms at my disposal, and his permission to make use of his work- 
shop and tools for any experiments 1 might wish to undertake. 

* * Astronomical Register/ Sept. 1877 : * Journal of the Scottish Meteorological 
Society/ vol. v. p. 84. 
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The Gemmiparous and Fissiparous Beproduction of the Noctiluccp 
(Noctiluea miUaris^ Suriray). — I snm up in these few lines the follow- 
ing facts, not hitherto pointed out, or imperfectly known, which I shall 
elsewhere describe in detail with others already observed, in a memoir 
about to be published. 

The disappearance of the tentacle, of the basilar tooth, of the 
flagellum, and of the infundibular furrow-like depression of the 
Noctilucie before their reproduction, has been noticed by Brightwell 
(1857), as well as by Cienkowski (1871). 1 haye proved that this dis- 
appearance is constant, and not accidental before fission, and that it 
takes place by atrophy properly so called, and not by retraction of the 
tentacle into the interior of the body. I have besides been able to 
follow the phases of the obliteration of the buccal slit, as the pre- 
cursory phenomenon of gemmation. Before fission, this obliteration 
does not take place. The flagellum and the tentacle only fall ofif. 

The buccal obliteration brings the NoctilucsB to the condition of a 
cell properly so called, closed on all sides, spherical, provided with a 
proper wall, represented by the envelope of the animal, and with well- 
known sarcodic contents, with a nucleus without nucleolus, also 
spherical. But there is here nothing to be compared with the en- 
cystment preceding the reproduction of different infusoria (EuglencB, 
&c.). 

Far from disappearing before the formation of the gemmie, as has 
been said and figured by Cienkowski, the nucleus of these unicellular 
adult animals of * 8 mm. to 6 mm. diameter plays a direct and im- 
portant part in the constitution of the contents of each gemma, as 
also does the yellowish substance of the cellular body which surrounds 
it ; the cellular wall of the animal rises in a conoidal projection to 
form directly that of each gemma. 

One individual with another, there are produced from 256 to 512 
gemmsB, by gradual bisegmentation of the nucleus and of the cellular 
body, with a corresponding production of as many projections or 
gemmaB of the cell-wall, as fills one of the nudeo-cellular segments 
resulting from this bisegmentation. The total duration of these 
phenomena is from ten to twelve hours in a temperature of 12^ to 18° 
in April and May. 

The following are the phases of each division of the nucleus in 
this segmentation : it is lengthened into a cylinder, blunt at each end, 
and becomes very finely granulated, instead of remaining homo- 
geneous. Immediately after, it becomes very finely striated longi- 
tudinally ; the striaB are distinct, and evidently result from the juxta- 
position of very thin colourless filaments, which compression shows 
to be soft and flexible. This fibrillar production, following the greater 
axis of the nucleus, is a constant fact in the fission of the nucleus of 
plants and animals, as Auerbach, StrasbOrger, Butschli, and E. Van 
Beneden have successively proved. About ten minutes later, the two 
extremities of the nucleus which had remained granulated, become 
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gpbcrical, whilst continuing nnitcd to one another by the bundle or 
little band of fibrillar just formed. These two extremities thus con- 
stitute two Bpherical nuclei, finely granulated, between which exists the 
little band of fibrillsB whose extremities remain in continuity with these 
new nuclei. Gradually the little band of fibril lea becomes attenuated 
towards the middle of its length, as if it were drawn out, and folds up 
more or less on itself, in sucli a way as to bring the two nuclei nearer 
to each other. This attenuation soon leads to the rupture of the con- 
tinuity of the fibrillad, of which each half then gradually withdraws 
into that one of the two new nuclei to which it had remained attached 
by one end. The bisegmentation is thus complete from an hour, to 
an hour and a half at most, after its commencement, presenting, in 
one individual with another, varieties of secondary importance as well 
as a few other peculiarities not pointed out here. 

At the same time the layer of sarcodic substance (protoplasm), 
which is in immediate contact with the nucleus, is segmented without 
showing anything peculiar. But the whole of the sarcodic filaments, 
anastomosed into a network which is spread around the above- 
mentioned layer, present some curious phases of segmentation. The 
extreme peripheric portion of this network is condensed into a thin 
yellowish layer or bordering, circumscribing that part of this reticulum 
which remains interposed between this homogeneous bordering and 
the equally homogeneous layer in contact with the nucleus. The 
whole contracts itself ** en hissac " with a wrinkling of the surfiEbce, 
simulating torsion of the sarcodic substance, at the level of the con- 
striction of the nucleus which precedes its division. The contraction 
of this " bissac " increases and culminates in a complete separation or 
segmentation of the sarcodic substance, which ends a few minutes 
after the completion of the nuclear fission. Afterwards, the substance 
forming a peripheral bordering to the reticulum, graduidly approaches 
the perinuclear homologous layer (in consequence of the contraction 
of the intermediate network itself) until the latter disappears and the 
whole is blended into a yellowish, homogeneous, cellular body, with 
an undulating surface, lodged in a projection, corresponding to a 
gemma, of the wall of the body of the parent animal. 

That is the case until the end of this double formation by 
simultaneous segmentation and gemmation, associated together in the 
gemmiparous reproduction of the Noctilucad. The wall of each 
gemma and its cellular contents contract at their point of continuity 
with their homologues of the unicellular parent, and separate from them 
when the length of each is reduced to an average of * 018 mm., that is 
to say, when their number is either 256 or 612. They are so many 
new unicellular individuals like the one which generates them (to die 
afterwards), and which from the time of their ulterior evolutionary 
growth, fdways remain unicellular. At least no evolutionary phase 
higher than the tentaculated form has up to the present time been 
observed. 

Before the gemms are completely separated from the parent and 
'swim freely, a flagellom six or seven times their length is deve- 
loped on their plane surface (the other being rounded), nearer to their 
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blaut extremity (which is still adherent to the point of gemmation), 
than to the other end. This extremity is always foremost when the 
freed gemma swims upon its plane surface propelled by the undula- 
tions of the flagellum which trails behind it. One or two pulsatile 
vacuoles or vesicles of * 004 mm. diameter are seen in the cellular 
body of each gemma between the plane surface and the nucleus. This 
vesicle is absent in the adult. 

No observer has been able up to the present to follow the evolu- 
tions of NoctilucsD from the gemma state up to that of the adult indi- 
vidual. It is not yet known whether the flagellum of the gemma from 
* 10 mm. to * 12 mm. in length remains like the flagellum of the adult, 
which is only * 06 mm. to * 07 mm. long. The smallest Noctilucas 
which I have seen were of * 15 mm. diameter, spherical, without mouth 
or infundibular depression, and with neither flagellum nor tentacle. 
I have followed the formation of the month at the level of the 
nucleated cellular body adherent to the internal face of their wall. 
It begins by a linear wrinkle of the latter, which is thickened a little 
on each side of this fold by the production of two or three mammil- 
lated projections. This thickening becomes gradually yellowish, and 
takes the form of the lips of the buccal elit in the adult. These phe- 
nomena last about three-quarters of an hour, after which the lips open 
a little from time to time. Then begins the formation of the infundi- 
bular depression and of the rectilinear dorsal fold, as well as that of 
the tentacle. That of the flagellum only takes place after the complete 
development of this latter organ. 

Let us note that some NoctilucaB are found scarcely larger than the 
greater number of the others which are anatomically double, that is to 
say, provided with two cellular bodies, with two alternate buccal slits, 
each accompanied with corresponding tentacle and flagellum. It is 
probable that they proceed from some gemma in which the fission 
raisiog their number from 128 to 256, or from 256 to 512, has failed, 
whilst it took place in the others ; a gemma which nevertheless has 
continued to develop like the others. 

The fission of the Noctilucce has been pointed out by M. de 
Quatrefages (1850), and by Krohn (1852), who has seen that it begins 
by the fission of the nucleus, siuce better studied by Brightwell. 
The fission of the nucleus presents the same phases as at the time of 
its first division in the cases of gcmmiparity. The total division of 
the Noctiluca takes place in such a manner that, once complete, each 
of the two new individuals has a buccal slit, in which one of the lips 
has grown from one of those of the buccal slit of its generator. A 
tentacle is developed on the side of the mouth of each new Noctiluca 
from the end of the total fission, or immediately after the separation 
of the two new individuals. It is about an hour before the freed 
orgin begins its movements. 

In all cases, the production of the tentacle begins by the formation 
of a short prolongation of the yellowish substance of the cellular body 
which raises the tegument near one of the lips of the buccal slit, 
showing itself a little. Below this prolongation and in continuity 
with it, a second is raised, conoidal at first, and gradually taking the 
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form of a little band folded into a loop upon itself. The convex part 
of the angle projects more and more outside the body and becomes 
wider. One of its parts, which is na rower than the other, soon dis- 
engages its extremity from below the base represented by the first 
prolongation of the cellular body. Fr m the time of this disengage- 
ment the little band, more or less straightened, has the general form of 
the tentacle and moves by slow undulations and distortions. At first 
yellowish, like the substance of the cellular body from which it is 
derived, in a few hours it becomes greyish and striated. It is after its 
formation that the infundibular depression of each new individual aiid 
the flagellum which accompanies it are formed. 

The movements of the tentacle always remain slow and continuous, 
as if they were due to sarcodic contractions, whilst those of the flagellum 
take place alternatively by inflections and undulations, either wide or 
very short, slow or extremely rapid, then simulating a true vibratory 
movement, and with periods of inaction of irregular duration. Both 
these modes of activity as well as the sarcodic contractions, which are 
always slow, of the internal filaments of the NoctilucsB, are not in any 
way modified by induced currents, even powerful ones, nor by the 
making and breaking of the continuous currents. M. Cadiat and I 
have proved that such is also the case with the body, the pedicle, the 
cilia, and the pulsatile vesicle of the YorticellaB, and for the homologous 
parts of the other Infusoioa and AmoebsB, as long as the water and its 
salts are not decomposed. When this decomposition takes place 
under tlie influence of continuous currents these different movements, 
quickened for some minutes, cease at the same time that the animal 
dies.* 

The Functions of Leaves. Pari played hy the Stomaia in the 
Exhalation and Inhalation of Aqueous Vapours hy the Leaves. — The part 
played by the stomata in exhalation by the leaves may be deduced 
a priori from the permanently open state of their ostioles, which are 
thus always ready to allow the issue of the vapours formed in the 
intercellular passages, from which they pass into the sub-stomatic 
air-chambers. In order to show that the vapours exhaled do really 
follow this course, I have tried to make them act, immediately on 
leaving the leaf surface, on sensitive hygrometric papers on which 
they would make an impression at the points of issue, so as to show 
exactly the position of the latter. 

Of the various hygrometric papers which are available for this 
purpose, that which has seemed to me the best has its sensitive layer 
formed by a mixture of perchloride of iron and chloride of palladium, 
obtained photo-chemically. Of a yellowish white tint whilst dry, it 
passes into black by darker and darker tints, in proportion as it 
becomes damper, and when it has received a hygrometric impression, 
it is easily fixed by simple washing in a solution of perchloride of 
iron. 

When we wish to apply it to the study of the foliar exhalation, a 
fold is made in the paper, into which is introduced and retained by 

* M. Ch. Bobin, in «GompteB Rendus,' vol Ixxxvi. p. 1482. 
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means of a slight pressure, the limb of a leaf, which remains attached 
to the living plant, and which only imprints hjgrometrically those 
parts of its surface at which normally vapours are emitted. 

It is, moreover, to the vapours emitted, and not to the reactions of 
contact, that the impressions thus produced are due, for they are 
equally formed through double folds of porous paper. 

With leaves of three morphological types they present the 
folio wiug characters : — 

Ist. Leaves with stomata on the lower surface only. When these 
leaves have completed their development, the impression of their 
inferior surface, which appears distinctly from the first moments of 
the application of the blade, attains in a few minutes its maximum 
vigour ; and, during the shoi-t interval of time sufficient for its forma- 
tion, the upper surface does not make a sensible impression. As, 
however, it ultimately produces an impression on the hygrometric 
paper, there can be no doubt as to its exhaling power ; but it is 
always very weak, and may be practically disregarded, in comparison 
with that of the inferior surface. 

In the impression formed by the latter, the venation is marked 
out, in white, on a more or less tinted ground which corresponds 
to the parenchymatous surfaces. These surfaces thus emit more 
aqueous vapours than those of the veins, although their cuticle is 
thicker and more waxy, and covers tissues less penetrated with 
moisture : their excess of emission can therefore only arise from the 
diffusion of the internal vapours through the orifices of their numerous 
stomatn. It is especially in the exhalation of these leaves, taken at 
different phases of their development, that it is seen in what degree 
the activity of this function depends on the part which the stomata 
take in its accomplishment. 

So long as these little organs are not formed, the two leaf faces 
exhale almost in the same manner ; but in proportion as they appear 
and multiply on the inferior face, the exhalation of this face increases 
rapidly, whilst that of the superior face decreases in consequence of 
the thickening of the cuticle and the strengthening of its waxy 
deposit. 

When the leaf is completely developed, the superior face plays only 
a very small part, which may generally be neglected, in the total 
exhalation, because it may be deprived of its evaporative property, by 
covering it with an impermeable varnish, without the leivf appearing 
to suffer. This same leaf, on the contrary, soon withers and falls, or 
rots in situ, when it is rendered impermeable on its inferior face. 

2nd. Leaves with stomata on both surfaces. In those of these 
leaves which belong to the group of dicotyledonous plants, the 
inferior face, having the stomata in larger number and evenly dis- 
tributed, gives impressions evenly shaded everywhere, on which the 
veins are marked out in white. The impression of the superior face, 
at once paler and unevenly tinted, shows thereby the relative rarity 
of the stomata and their uneven distribution, which it reproduces 
faithfully. 

In the leaves of monocotyledon ous plants, the advantage, in 



336 NOTES AND MEMORANDA. 

regard to the number of etomata, is sometimes with the superior faoe, 
and it is that which then gives the most strongly tinted impression. 
In this impression, as in that of the inferior face, the stomata are 
shown, arranged in a linear series parallel to the veins. 

3rd. Leaves with stomata on the superior snrfEice only. The 
saperior face alone gives an impression, although its cuticle is much 
thicker and much more strongly coated with wax than that of the 
inferior face. 

The conclusion to be derived from these facts is the following : 
the leaves can emit aqueous vapours, both by the cuticle and by l£e 
stomata; in proportion as they advance in their development, the 
exhaling power of the cuticle, wliich goes on diminishing, tends to \ 

become inappreciable ; when they are completely developed, it is by 
the stomatic orifices that the foliar exhalation takes place nonually. 

The activity of the exhalation increases with the richness of tho 
tissues in chlorophyll. 

The exhalation of the aqueous vapours is equally produced by 
the stomata also.* 

Staining for the Central Nerve System. — In his ' Manual of Human 
Anatomy,' Henlc mentions a method of staining the central nerve 
system originated by Merkel, and which consists in placing the section 
first for one to two minutes in chloride of palladium (1 : 300-600), 
and then (after being washed) in Gerlach-Clarke's carmine solution. 
In tho course of my investigations, however, I found that a pigment 
recently produced by Dr. Witte, produced far more beautiful results 
with this method than the carmine solution. This substance is the 
picro-carminate of soda. The staining is very effective ; the ganglion- 
cells and the axis-cylinder are deep red, whilst the white substance of 
Schwann becomes a strong yellow ; the red, moreover, is a very 
pleasing soft carmine-red, and the yellow that of picric acid. Ordinary 
picro-carmiue does not yield nearly such beautiful results. 

As regards the process, it is best to use cold saturated solutions 
of the picro-carminate of soda, as this on the whole only stains 
slightly. After the preparation has been let lie for about one to two 
minutes in the palladium solution, and then been rinsed, it is let 
remain in the pigment solution some eight to ten minutes. Then 
varnished over. It must be admitted that a darkening of the palladium 
staining frequently occurs later on, whereby the preparations sutler if 
not sheltered from the light. 

The process is further very suitable for st lining isolated ganglion- 
cells, and this is best done by using Ranvier's alcohol. I confine myself 
to the use of Ranvier's recipe, at least as regards the central nerve 
system ; his alcohol has done me better service than the maceration 
solution recommended by Deilers, and the carbolic acid lately recom- 
mended by Eichhorst in the ' (Jentralblatt.* If into a moderate 
quantity (so much that the preparations can lie easily in it) of Ranvier's 
alcohol, fresh spinal cord of the calf or ox be laid, in pieces of about 
half a centimetre thickness, for some days in a well-dosed glass, you 

* M. Merget, in * Comptei Renlus,* vol. Ixxxvii. p. 293. 
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can afterwards, by shaking small pieces of the grey substance in a 
little water in a reagent-glass, obtain very superior isolated ganglion- 
cells. When you think that it has been shaken enough, put a little 
glycerine to the water, and some drops of the concentrated solution of 
the picro-carminate of soda. Then let the glass remain undisturbed 
for a day or two. After that time the ganglion-cells, by reason of 
their greater specific gravity, will have sunk either to the bottom of 
the glass or will be found in the lower strata of the water. What 
swims on the top is generally only shreds of connective tissue, in which 
there may be a ganglion-cell here and there. Generally the upper 
portion of the fluid may now be poured off without much being lost. 
If much fluid is left, repeat the process after some time. The small 
remaining quantity of diluted red-coloured glycerine with the cells 
and shreds of connective tissue is then shaken in a small watch-glass, 
a few drops of glycerine added, and then placed in a sulphuric acid 
drying apparatus ; at the end of two da^s the whole of the water has 
generally evaporated, and the shreds of tissues and cells lie (deeply 
stained) in glycerine pretty free from water, in which they may be 
kept as long as is wished. Gradually the stain seems to be attracted 
more and more to the tissue elements, and the fluid becomes almost 
colourless. In the watch-glass may now be seen under the microscope 
the finest ganglion-cells stained deep red, and thereby easily to be 
discovered amongst the shreds of connective tissue, which are only 
weakly stained. The ganglion-cells cannot be fished out with a 
needle under a dissecting microscope and transferred to a mounting 
glass for mounting, as the numerous continuations almost always fix 
them. It is far better to place a drop of the fluid, in which there will 
generally be some cells, on the mounting glass, and then detach by 
means of a needle under the dissecting microscope the useless shreds 
of connective tissue, if possible without touching the cells. It is 
surprising how much easier the ganglion-cells are found after the 
staining, and how many more are seen. The large cells may bo 
recognized with the naked eye. As any transfer of the ganglion-cells, 
however carefully made, always does some damage, the plano-concave 
slips, such as frequently accompanied the older microscopes, are best 
suited for the purpose of observation. In this case, however, only the 
weaker systems can be employed. As the cells will keep for any time 
in the glycerine, this method is well suited to provide a stock for a 
course. 

In other respects, picro-carminate of soda is not suited, according 
to my experience, to replace picro-carmine, as it possesses too weak a 
power of staining.* 

" Ultimate Limit of Vision.'* — Dr. Fripp, of Bristol, the well- 
known translator of the papers of Professor Abbe and Helmholtz on 
the theory of microscopic vision, and the author of several valuable 
papers on that subject iu the ^ Proceedings of the Bristol Naturalists' 
Society,' writes as follows in regard to a suggestion made to him that 
Mr. Dallinger's measurement of the flagellum of Bacterium termo, the 

* Dr. Schiefferdecker, iu * Arcbiv f. Mik. Anat.,' vol. xv. p. 38. 
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^^^^^ of an inch in diameter, controverted, more or less, tlie views 
propomided by the two Professors : — 

" Mr. Dallinger's paper is interesting. To get sight of a flagellum 
^^^^^^ inch diameter in the microscope implies very clever manipu- 
lation. Its measurement was, however, indirectly achieved by finding 
the ratio of the f magnified flagellum to the actually measured dia- 
meter of the body. 

There is no question of resolving a structure here, and I entirely 
fail to see that the subject has anything to do with the theories of 
Helmholtz and Abbe. It is a question of physiological not microsco- 
pical limits of sight. 

Look at a fixed star, or at a white-hot platinum wire 80 feet from \ 

the observer in a lecture theatre : you see it, that is, an impression on 
the retina is made, but you cannot distinguish its outlines, features, or 
structure. 

So, an isolated lino or particle may be seen under clever manipu- 
lation, in which management of light is everything. 

But if Mr. Dallinger had placed half-a-dozen of the flagella close 
together with interspaces equal to their own thickness, and then found 
that he could distinguish them separately, such a fact would militate 
against Helmholtz's statements. 

Helmholtz demonstrates (and embodies his demonstration in a 
formula) that there is a calculable interspace between finely drawn 
lines, which, when these lines are looked at through a microscope, still 
allows them to be separaJtdy visible to the eye, and that if the lines are 
closer together than this computed interspace, diffraction occurs and 
wipes out the actual state of things, replacing it with a di£&action 
spectrum. But Helmholtz does not apply his formula to measure 
distinctness of definition, which is an English misreading of the fiicts and 
statements. 

If we look at a fine network of white-hot platinum wires, should 
we see each single wire distinctly because we readily see one such 
when isolated ? 

The question of resolution of structure is a very different one from 
that of seeing a single fine line. Volkman has long ago shown what 
actUeness of vision means, and he has outdone the particular case of 
Mr. Dallinger in seeing a fine line against the light, but of course not 
in the microscope. 

Abbe has not, in any optical essay that I have seen, said a word 
about the possible or impossible limit of vision in the physiological 
seuse, though many other writers have. 

The whole drift of Professor Abbe's theory of the microscopic 
image seems to me to be misunderstood by those who suppose that it 
applies to some given standard of acute vision. But it is not with 
visual sense, or with the capacity of the eye, that he deals. It is with 
the optical capacity pertaining to the microscope of presenting to the 
eye distinct and distinguishable details. And the factors which he 
had to consider are— 1. The peculiarities attendant upon the optical 
outspread of the microscopic image by presenting it under large 
angular divergence. 2. The peculiarities which render geometric 
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definition of an object (point for point) difficult of attainment. 3. The 
function of angular aperture of the objectiye. And he maintains that 
this latter part of the subject opens an entirely new aspect of the 
theory of the microscope which has been hitherto ignored. 

Whether a point or line of light, or shadow, can be seen, has abso- 
lutely nothing in common with the question whether that which is 
seen well (and which is, of course, the optical expression of some fact) 
as an isolated object, can be equally well seen when in clr se appo- 
sition with a series of similar and equally minute objects. We cannot 
longer continue to interpret on the strength of an hypothesis which 
has been disproTcd. 

In the grosser cases of bad definition nobody pretends that dis- 
persion circles adequately represent the object under yiew, but neither 
could anyone charge upon this explanation (dispersion) that it proved 
or implied any * limitation of visual power.' 

And, in considering the subtle phenomena conditioned by the use 
of objectives constructed with large aperture, if it be proved that their 
optical function labours under various physical disabilities — among 
others, for instance, that rays of light may so intei-fere as to render 
void instead of presenting to the eye the actual structure from which 
they arise — this is surely no reason for confounding the fact that a 
structure cannot be seen under these given conditions, with the in- 
ference that an ' ultimate limit of vision ' has been found for all other 
objects and under all other circumstances. It seems more natural to 
believe that minute particles in close juxtaposition shall, when viewed 
through a microscope, produce such interference of rays as to annul 
or distort the microscopic image ; although the same, or even much 
smaller particles, when isolated (not interfering with each other) may 
be distinguished. 

The flagellum was seen, not resolved —if the term ' resolution ' has 
any meaning ! 

Abbe does assert that what has been, or can be resolved by a ^^^ 3^^, 
or -^jy inch objective can be as clearly resolved by a •^^ or ^ immersion 
lens, because the additional amplification helps at furthest to enlarge 
the image, but it is an empty amplification. Take Dr. Woodward's 
photographs of Diatomacete with a ■^. Have the possessors of -^jj, 
^, or -^ objectives seen anything more or newer than Mr. Stephenson's 
Pleurosigma drawing from |-inch immersion? 

Professor Abbe's whole writings sufficiently prove that he has kept 
to the subject of geometric definition of images in the microscope, 
difiraction images, distribution of light in the microscopic image, 
illumination, &c. ; and these are so bound up together, and the theory 
of the microscope and the theory of illumination are so interconnected, 
that neither could be understood without the other. 

But the question of the minutest dot or line which can be seen is 
simply one of physiology ; thus, what is the least difference of light 
and shadow disposed in line or as isolated lights or shadows (white on 
dark or dark on white) which, thrown on the retina, can excite special 
nerve sensation, i. e. sight ? I exclude colour, because differences of 
colour are more perceptible than grades of more or less white light. 
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And as a mere triumph of illummation and manipulation, the glimps- 
ing a monad flagellum deserves attention. But what is the value (I 
mean of course the microscopic not the anatomical value, with which I 
am not dealing) of the discovery of an indistinct, shadowy line, without 
any interior, so to speak, to * resolve ' ? " * 

The Animal of Millepora alcicomis, — The attention of zoologists 
was called to the relations of Millepora hy the announcement of 
Agassiz, in 1858, that " Millepora is not an Actinoid Polyp, but a 
genuine Hydroid, allied to Hydractinia." Professor Agassiz figured 
the animals as seen by him, in his 'Contributions to the Natural 
History of the United States,' vol. iii. p. 61. On the evidence afforded 
by a single observation of Millepora, he proposed to transfer to the 
AcalephflB not only that genus, but all the Madreporaria Tabulata of 
Milne-Edwards. Professor Yerrill has shown that the latter inference 
cannot be accepted, and that the Madreporaria Tabulata form an 
artificial and quite heterogeneous assemblage. There has been much 
difference of opinion as to the soundness of Agassiz's conclusion in 
regard to Millepora itself, and the extreme shyness of the animals 
has rendered it impossible to accumulate . numerous observations. A 
paper by General Nelson and P. Martin Duncan f contains figures of 
the animals of Millepora alcicomis as observed by the former author 
while stationed at Bermuda many years ago. The figures differ from 
those of Agassiz in arranging the tentacles regularly in whorls of 
four, and the authors conclude that Millepora is probably an Alcyon- 
arian. The arrangement of tentacles is certainly quite unusual in 
the Alcyonaria, admitting the correctness of General Nelson's figures. 
In November, 1875, a paper by Mr. Moseley, of the * Challenger * 
expedition, was read before the Royal Society,} in which the author 
reported observations on Millepora at Bermuda and elsewhere. The 
observations seem to have been quite unsatisfactory, and the author 
at that time ventured no conclusion from them. He was, however, 
more fortunate at Tahiti ; and his paper read before the Royal Society 
in Apiil, 1876, § gives the results of a more complete and satisfactory 
series of observations on the genns in question than has been made 
by any other author. His conclusions agree substantially with those 
of Agassiz. 

In the winter of 1876-7 the writer spent some weeks in 
Bermuda, residing for a part of the time at Flats Village, on the shore 
of Harrington Sound. The abundance of Millepora in the shallow 
water of that beautiful lagoon afforded excellent opportunity for an 
investigation of the animals. In this work the writer was favoured 
with the- kind assistance of Mr. G. Brown Goode, of the Smithsonian 
Institution. Our experience enabled us to appreciate the difficulty 
which observers have always found in the extreme shyness of the 
animals. Great care was taken, in collecting the animals, to avoid 

♦ It is, of course, obvious that with lines tWjoit '^f ^^ i°^h in width, and 
interspaces of the same dimensions, there would be only 100,000 lines in an incli 
of spafX). 

t *■ Ann. and Mag. Nut. Tlist.,* xvii. 354. 

X 'Phil. Trans.,' clxvi. 91. § Ibid., clxvii. 117. 
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Bubjecting them to aoj more of a shock than was necessary. In 
accordanco with a suggestion of Professor Verrill, we were careful not 
to have the specimens out of water for an instant either in collecting 
them or in the subsequent manipulation. 'Specimens were collected 
at various hours of the day, and examined at about all hours of the 
day and night. Only once were we favoured with a sight of the 
zooids in expansion. Though that observation was far from being as 
satisfactory as could be desired, the writer has thought it might be 
worth while to give an account of it ; for, on a subject so important 
and presenting such difficulties to every observer, every scrap of 
observation is probably worth saving. 

The zooids which we saw in expansion showed generally a pretty 
regular whorl of tentacles at the summit. There seemed to be 
indications of a tendency to a grouping of the tentacles in one or 
more whorls below the one at the summit. But these lower whorls 
were not at all regularly developed, and in some cases the tentacles 
were scattered singly without any recognizable arrangement in 
successive whorls. Where an approximation to a whorled arrange- 
ment could be recognized, the number of tentacles in a whorl was 
generally four, but appeared to be sometimes three. As regards the 
arrangement of the tentacles, our observation is therefore substantially 
in agreement with those of Agassiz and Moseley. We feel very con- 
fident that the tentacles are not in imiform and regular whorls of four, 
as figured by Nelson and Duncan. 








The accompanying figures, 1 to 20, represent the outlines of several 
zooids in the various positions in which they chanced to present them- 
selves. The drawings were made hastily while the specimens were 
under examination. It is needless to remark that they make no pre- 
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tention to any artistic character. Whatever value they may have 
arises from the f&ct of a conscientious endeavour to draw exactly the 
outlines which were seen, not a line being added hypothetioally or 
inferentially. 
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Figs. 1 to 16 represent zooids seen more or less nearly in profile ; 
Figs. 17 to 20, zooids seen from above. Figs. 5, 6, 8, 14, 15, wero 
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drawn by Mr. Goode ; the remainder by the writer. The drawings 
testify to the entire agreement between the two observers. The 
zooids seen by us appear to have been of the monthless kind. 
Moseley has noticed the fact that these expand mnch more readily 
than the others. Our observations were made partly with a 2-inch, 
but chiefly with a 1-inoh objective. 
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Some attempts were made to study the zooids by means of decalcified 
specimens, previously treated with picric acid and alcohol; a pre- 
liminary treatment with picric acid and subsequent removal to 
alcohol having been shown by experiments undertaken by members of 
the United States Fish Commission in 1874, to be remarkably 
effective in preserving the delicate tissues of Hydrozoa. We did not 
succeed in obtaining by this means any zooids in satisfactory con- 
dition. The specimens, however, prepared as above stated, and 
subsequently mounted in glycerine jelly, show well some details of 
structure, particularly the iMso-cells with extraordinarily long threads, 
figured by Moseley.* Moseley's figures of a lasso-cell from MiUepara 
nodosa illustrates well the character of those in MUlepora alcicomis^ 
though in the latter the spinous portion is somewhat nearer the base 
of the thread. The length of the thread in the largest of our speci- 
mens is about -027 inch.t 

Liberation of the Zoospores, Antherozoids, dc, in the Lower Plants. 

]\i[. Comu has succeeded in producing at will the emission of the 

antherozoids of Polystichium Filix-Mas, of which the prothallia bad 
been kept at the surrounding temperature during the cold season. In 
March, one of the prothallia, having been removed and placed in a 
drop of the liquid from the same flask, to be examined under the 
microscope, emitted a great number of agile antherozoids ; the same 
thing happened in June. Nothing was dianged in the conditions of 

♦ «Phil. Trans.,' clxvii. pi. ii. fig. 1. 

t Mr. Wm. North Rice, in ' American Journal of Science and Arts,' vol. xvi. 

p. 180. 
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existence of the antheridia — medium, ligbt, temperatnre — only one new 
influence could haye affected them, that of the air. M. Gornu reported 
several years ago an analogous fact * amongst the aquatic fungi. The 
result of his observations is, that the conditions sufficient to allow of 
the complete and definitive development of the antheridia and spo- 
rangia may be insufficient to allow of the dehiscence. This dehiscence 
is not a violent result of endosmose, since it remains suspended 
during long intervals, the prothallus being immersed in a liquid ; it 
is not determined by the variations of temperature or the intensity of 
light, for no change of this nature was produced in the experiment. 
If the zoospores of the AlgSB escape in the early hours of clear 
days in spring or summer, it is because the water which contains them 
becomes richer in oxygen under the action of the chlorophyll when 
exposed to the light. 

We are thus led to conclude that the aeration of the water gives 
to the already formed agile corpuscles a sufficient energy to enable 
them to free themselves. Heat produces analogous effects. The 
(Edogoniaj which, placed in a room at 7 or 8 degrees, do not emit their 
spores, produce them abundantly when they are transferred to an 
atmosphere of 16 or 18 degrees. 

M. Comu thinks that air or heat acts by increasing the activity of 
the plasmatic movements, and that it is in consequence of an activity 
natural to the protoplasm — which is destitute of membrane, and, in 
spite of that, capable of utilizing oxygen — that the wall of the zoo- 
sporangium is perforated .f 

CEJcistes pilula, — In the ' Monthly Microscopical Journal,* { Mr. C. 
Cubitt refers to this species under the name of MeUcerta pilula, which 
he gave to it '* from the fact that she fortifies the gelatinous basis of 
the theca with her own excremental pilules." Mr. A. W. Wills, who 
has very recently had opportunities of observing the rotifer, says : — 

'^ Mr. Cubitt's description of the singular habit of this animal is 
quite correct, but he does not appear to have observed the precise 
manner in which the remarkable operation is performed, from which 
it derives its name. It is self-evident that only a minority of JXI 
excrementary pellets discharged by the creature can be requ^' 
used to fortify its theca. The larger part are whirled awa^ 
vicinity of the animal, in the manner familiar to all ^ stago of the 
served the thecated Rotifers or the fresh-wat^^-P'^^'he object will bo 
which are utilized for building purpo*- "^^^^^^ suggest its trial upon 
rotifer and its tube or theca, and recei;'^''y ^^ explain the principle of 
the ciliated trochus, where they remait ^ ^^^se familiar with optical 
animal were making sure of its pro*? *^® body tube many curious 
retraction of its body, it dabs the - ^^i^^ ^'^ <»k® plaoo. In using 
margin of the theca, and instant?^* *? P^*^ *^« l^olo on the opposite 
amount and regularity of the. '^® mirror. The arrangement can be 
varies very much. One fir ^Piece, but with an inferior result, Tho 

♦ See his "Monographie^'t.^S ^^ ^^^^S ^ ^^^^/i? cardboard with 
p. 117). *' Jg it at its proper place over the eye-pieccf 

t * Bull, de la BqaiTaliflt,' vol. xii. p. 704. 

X Vol. viii. p. iighton, in * American Quarterly Microscopical Journal,' vol. i 

2 B 2 
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are so few and irregular, as only to suffice for the identification of tbo 
species. Regular feeding with water containing abundant food pro- 
daces a corresponding iD crease in their number and regularity, and a 
supply of carmine and indigo on alternate days is followed by the 
deposition of very regular alternate layers of red and blue courses un 
the outside of the tube. . . . 

My specimens produced abundant ova, which were formed in the 
usual manner in the ovary, and thence extruded into the space between 
the animal and its theca, and deposited upon the lower part of the 
foot, as is customary with this division of the Kotifera. I have not 
yet observed their development, nor, although I have examined a 
large number of specimens, have I yet been fortunate enough to see 
the male of this species."* 

Cutaneous Olands, — On page 261 of * Huxley and Martin's 
Elementary Biology,' in treating of the skin, it is stated that the 
mouths of the cutaneous glands are seen as clacr round spots, 
although their openings are really tri-radiate. No directions are 
given for demonstrating that appearance, but it may be done very 
nicely by putting a bit of skin from a frog's back or side into Miiller's 
fluid one part, water four parts (any weak solution of a chromium com- 
pound would do very well), for two or three days. The layers of the 
epidermis come apart, and the external layer shows perfectly the tri- 
radiate openings of the glands. If this layer be coloured in carmine 
or picro-carmine, it makes a very pretty and instructive object ; for it 
not only shows the mouths of the glands, but the large flat nucleated 
epidermal cells. Professor H. H. Straight, of the Oswego Normal 
School, says, '* If a live frog be wiped dry with a cloth, and then put 
into water overnight, the external layer of epidermis comes off very 
readily," that is, the frog has been made to cast its skin. By making 
use of this process the points mentioned above might be demonstrated 
u ithout hurting the frog.f 

" Limits of Accuracy in Measurement with the Microscope.** — A 
^ ner with this title, read at the Indianapolis Congress by Professoi 
^T^Rogers, concluded as follows : — 
thouch in*^ we may safely draw the following conclusions from this 

of the thread.. ,, i 'n j v xi. 

^^«^ ;<. «iw^nf .fi y sVilled observers can measure the same space 
mens IS about 'UaV-^v • -i "j* xi i ^ ^ i * 

"nch, if the space does not exceed ^^^^ of 

Liberation of ihe Zoosporeb^ an inch the deviation will probably 
— M. Comu has succeeded in j^ase the measurements are made with 
antherozoids of Polystichiufn JT 

been kept at the surrounding temp ^cumulated errors, under similar 
March, one of the prothallia, having inch for eleven intervals. For 
drop of the liquid from the same fl. i will be somewhat larger, but 
microscope, emitted a great number of a^f intervals, 
thing happened in June. Nothing was chanient with a normal eqna- 

♦ • Phil. TraM.,' olxvli. pi. ii. fig. 1. »« » Solution by least 

t Mr. Wm. North Rice, in * Amerioan Jonmal of Scieu. 
p. 180. • vol. i. p. 72. 
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squares can represent them, within somowhnt smaller limits than 
those obtained by comparing the results obtained by two difiEerent 
observers." * 

" On the 9tli October, Professor Rogers read a [the same ?] paper 
before the American Academy of Arts. and Sciences at Boston, in 
which he stated that Professor E. A. Morley and himself inde- 
pendently measured 195 spaces, having a magnitude of about ^^^ of 
an inch, each space, however, varying slightly from this value. The 
measures were made with a glass eye- piece micrometer, a Beck's 
spider-line micrometer, and with a screw attached to the sub-stage of 
the microscope. After the results were prepared for the press they 
were for the first time compared. It was found that the average 
difference between the results for a single space was 32 millionths 
of an inch, and the greatest difference was 12 millionths.l There were 
only four cases in which the difference amounted to one hundred- 
thousandth of an inch." X 

The Influence of Bepoas and Motion in the Phenomena of Life. — 
I think I have succeeded in demonstrating the existence of a new 
condition necessary to the life of organized beings. It may be 
formulated thus : the development or the multiplication of the elements 
which constitute living beings requires a certain period of repose. 

My experiments were practised on bacteria, § for the following 
reasons : — 

Ist. When once they are placed in favourable conditions of 
nutrition and temperature, they multiply in a more rapid manner than 
any other living being. 

2nd. This multiplication is proved in a manner as simple as it is 
accurate. 

3rd. Considering the smallness of the bacteria, and the elasticity 
which is generally attributed to them, the possibility of a mechanical 
lesion of these beings by the motion which is applied to them is 
reduced to a minimum. 

My experiments were made in the following manner : — [J 

I placed in several tubes of glass, specially constructed ^ 
purpose, a liquid favourable to the multiplication of bp 

which contained a certain number of living ones., bho stage of the 

these tubes were continually shaken, whilst ♦ifeeir.*^ The object will bo 

contents and conditions of temperature, '^nvould suggest its trial upon 

These experiments showed that, indary to explain the principle of 

♦ « American Journal of Microscopy/ vo{^ *? ^^ ^^^jji^"* "^^ <>P*i«^l 
t There would appear to be some erro .]? *^® ,it9^y ^^^ ^^^7 curious 
X ' Nature/ vol. xviii. p. 712. <» object will take place. In using 

§ These experiments, commeiicedoest to place the hole on the opposite 
^^ at Strasburg, have been cont« the mirror. The arrangement can bo 
at the Museum of Natural HistQiTii'Ano Knf T^'fK a«^ ;«^^ • Vx 7ni 

II In my experiments I he-T^!^\ T- ^^^"i^V"" '?«^*- The 
contained in a litre of distill *^ ^^^ ^7 making a hole m cardboard witl^ 

10 gramr-^^o ^* ** ^^ proper place over the eye-pieccf 

p Sturalist/ vol. xii. p. 704. 

Lighten, in * American Quarterly Microscopical Jourual/ vol. i. 

VOL. I. * 2 B 2 



346 NOTES AND MEMORANDA. 

the bacteria multiplied prodigiously ; but, on the contrary, no sign of 
multiplication was observed in the other tubes. 

To make the abundant multiplication of bacteria in the nutritive 
liquid evident, I followed the same process which I employed in 1872, 
and which is described in my researches on bacteria,* a process in 
which the prodigious multiplication of the bacteria was revealed by 
the turbidity and characteristic cloudiness of the nutritive liquid 
which at the commencement was colourless and transparent.! 

Development of Lichens. — The second part of Stahl's * Contribution 
to the Development-History of Lichens ' has been published. It treats 
of the nature of the hymeneal gonidia. We find in the hymenium of 
Dermatocarpon Schcererif crossing freely between the thecad, globular 
gonidia which differ from those of the thallus by their still smaller 
size, and which are expelled from the perithecimn at the same time as 
the ripe spores. When this simultaneous emission is made on a 
suitable substance, the spores germinate, and the tubes arising from 
their germination surround the hymeneal gonidia, which soon attain 
the dimensions of those of the thallus. We may then see in a short 
time the reproduction of DermcUocarpon Schoereri furnished with its 
characteristic thallus. 

The baculiform hymeneal gonidia of the Polyhlastia ntgtdosaj which 
agree in their characters with the free Alg(e of the genus StichococcuSy 
have furnished the observer with phenomena identical with those of 
Dermatocarpon. A little species of Thelidium, not yet described, very 
often accompanies Dermatocarpon, and the gonidia of these lichens are 
specifically identical. If a cultivation experiment is so arranged as to 
bring the spores of the Thelidium into contact with the hymeneal 
gonidia of Dermatocarpon perfectly free of all mixture, we obtain, as 
the result of the experiment, the thallus of the Thelidium with its 
characteristic fructification. The same Alga which gives these gonidia^ 
and which is, according to the author, a species of Protococcus, may 
'^nsequently bring itself into relation with two different Ascomycetes, 
£ n^ ^er to form two lichens also different. { 

nodosa^^ «^^tca2 Study of the Ashes of Leaves. — At the Indianapolis 
though in^**' R. H. Wa j, of Troy, described the method by which 
of the threaa.- ;", prepar %^so^ as to preserve much of the structure of 
mens is about * 0:^^ .^. ^ S *" 

Tt .. /. ^T /y ®^liceous residue of the leaves of the 
Uheratxonof the Zoo%pwe^ ^ ^ available; leaves of trees 

-M. Cornu has succeeded r^V,^^i\Ji those of herbs, and they 
antherozoids of Foly^xchvwm F ^^aer. 

been kept at tiie surrounding t^ip >^p ^f platinum foU or thin mica, 
March, one of the prothaJlia, havib^ ^^^^^ cmi\ma up, and carefully 
drop of the liquid from the same fl, ^n burner until the organic 
mcroBcope, emitted a great number of a^, .^i ^^^ter, or ash, remains 
thmg happened in Jmie. Nothing was chai..^^ ^^^^ ^^^^^ ^^^ ^^ 

♦ « Phil. Trans.,' olxvii. pi. ii. flg. 1. * - ?** 

t Mr. Wm. North Rice, in * American Jonmal of ScieJ^^^""^ * J^^ further 
p. 180. ^^W 
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uncUstarbod. This is thou dropped on to a slide vvot with turpentine, 
and very carofully mounted in soft balsam. If slightly crushed in 
mounting, or containing a trace of carbon at some point, the value of 
the object is often increased. 

These preparations can be made with great ease and rapidity, and 
show the construction of the parenchyma, veins, epidermis, stomates, 
and hairs, with great beauty and distinctness. 

In this way was prepared a slide of leaf ashes which was recently 
sent through the circuits of the Postal Club, and which excited an 
unexpected amount of interest and correspondence.* 

A Neio Device for Dark-Field Illumination. — I have been quite 
interested, lately, in some experiments connected with the subject of 
dark ground illumination, and have worked out a device which brings 
out new and most interesting results : 
the accompanying diagram^will illus- 
trate its working. 

Let A represent a sectional view 
of the tube of an eye-piece; B, a 
triple achromatic lens of 1-inch focus, 
and 30"^ aperture ; C, the diaphragm ; 
D, cap of the eye-piece sliding over the 
tube of the achromatic lens ; E, a thin 
brass plate sliding between grooves in 
the top of the cap, having at the point 
F a small hole, of not more than ^jj of 
an inch in diameter; H, the cone of 
rays of the achromatic eye -lens, meet- 
ing at I. 

Place the thin plate so that the hole 
F will be at the side, and as near the 
apex of the cone of rays as possible. It 
is quite evident that none of the light 
usually used by the eye will be allowed 
to pass to it, as it will be interrupted 
by the brass plate. By placing the eye 
at the hole F, and looking at a suitable object upon the stage of the 
microscope, a most wonderful sight will be seen. The object will bo 
brilliantly shown upon a dark field. I would suggest its trial upon 
the diatom Heliopelia. It is not necessary to explain the principle of 
the device, as it will be quite evident to those familiar with optical 
work. By revolving the eye-piece in the body tube many curious 
changes in the appearance of the object will take place. In using 
oblique light it will be found best to place the hole on the opposite 
side of the cone of rays from the mirror. The arrangement can be 
used with the common eye-piece, but with an inferior result. T^o 
value of the device can be tested by making a hole in cardboard witl^ 
a small pin, and holding it at its proper place over the eye-piece.| 

* * American Naturalist,' vol. xii. p. 704. 

t Prof. Wm. Lighten, in * American Quarterly Microscopical Journal/ vol. i. 
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The TermincUiofi of the Nerves in the Striated Muscles. — The termi- 
nation of the nerves in striated muscles has given rise, in reeent times, 
to numerous researches, which, notwithstanding all the interest 
which they present, have not yet cast a complete light on this part of 
science. It was thought, for instance, that the termination of the 
sensitive nerves in the muscles had been discovered; but these 
results, due to defective researches, cannot be considered as correct* 
Moreover, all the efforts which have been made to find intermediate 
foims between the terminations in plates and the motor termination 
in the frog, have remained without success. 

The process of colouring the nerves by means of chloride of gold, 
recently communicated by M. L. Ranvier,* having furnished me with an 
excellent and certain method for studying the nerve terminations, I 
have undertaken, with this double object, a series of researches, 
which have led me to some new results. 

1st. The nervous fibres without myelfne which are found in the 
thin muscles of the frog, as, for example, in the thoracic cutaneous 
muscle, and which had been regarded hitherto as sensitive fibres, do 
not belong to the muscle properly speaking, but to its aponeurosis. 
These fibres, arising from the intramuscular nerves, form in the 
aponeuroses a network of largo meshes. Their terminations are 
identical with the nerve terminations which are found in the cornea. 

It is evident from their microscopic structure, as well as from 
their anatomical relations, that these nerves of the aponeuroses ought 
to be considered as centripetal nerves, starting from the muscle. 
The necessity of admitting f^e existence of these nerves is insisted on 
in a work which I have recently published. 

Nerve-fibres similar to those which I have just, pointed out in 
the frog, are also met with in the aponeuroses of other animals. 

2nd. I have found it quite impossible to prove in the dissociated 
muscles of the frog, and of some other species of animals (tortoise, 
triton,* lizard, snake, and rabbit), the presence of nerve-fibres without 
myeline, other than those which belong to the vascular or aponeurotic 
nerves, and the presence of nerve terminations, other than the motor 
terminations. 

3rd. I have, on the contrary, been able to find in several species 
of animals new forms of nerve terminations, which constitute inter- 
mediaries between the motor termination, as it is found in the frog, 
and the terminal plates. 

I have proved the existence of terminations of this kind in the 
tortoise, the triton, the salamander, the lizard, and the snake. In the 
three first named, these terminations are the only ones which we are 
able to find, whilst in the snake and the lizard they are found beside 
the terminal plates, chiefly in the young muscular fibres. 

The most simple form of these terminations is shown in the 
tortoise; nerve-fibres, destitute of myeline, ramify without anasto- 
mosing, and termin.ito on the muscular fasciculi, by branches which 
sometimes are smooth, but which most often are moniliform, or 
surrounded by grains deeply coloured by the gold. These grains, 

♦ See p. 250. 
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which are placed around the terminal branches, are sometimeR so 
nmuerous, tiiat their eruemble presents an appearance simibir to that 
of the terminal arborization of a little motor plate. 

These new forms of nerve terminations all present this peculiarity, 
of only being found on nerves destitute of myeline, although these 
always arise from nerves with myeline. In the snake, these fibres 
vdthout myeline may even have a very long course. 

In the case in which the nerve terminates in the muscle by a well- 
developed plate, never more than a single plate is observed for one 
whole muscular fibre; when, on the contrary, we deal with the 
terminations which we have just described, we generally meet with 
several nerve terminations on the same muscular fibre. And in the 
snake their number may even be from six to seven. 

A more detailed work, accompanied with plates, will shortly be 
published.* 

Observations on SaprotegnieoR, — Mr. Frank K Hine, B.S., has 
recently studied this group, specimens of Menobranchus laneeolatus 
kept in a tank having been attacked by a form which he places under 
the genus Saprolegnia, After defining the Saprolegniece as '' aquatic, 
parasitic, nearly colourless plants, appearing to the unaided eye 
merely as a light greyi^ or white cushion-like mass of fine filaments/' 
and describing the appearance of tho fungi and their mode of develop- 
ment (with 4 plates), he gives some details as to the rapidity of theu^ 
development. 

'* In studying, and especially in growing these forms, one can but 
notice the rapidity with which they develop, especially under favour- 
able conditions. Illustrating this point, I introduce the following 
table, which embraces the results of timing the growth of a young and 
thrifty filament under a magnifying power of 200 diameters. For 
the first hour, observations were taken every five minutes ; during the 
second, every ten minutes ; after which flie time varied. The first 
column represents the time of measurement, and the second the 
length of filament. 

Table suowing BAPiDmr of Guowtu. 



h. m. 






Length. 


b. m. 


Length. 


9 7 






5 mm. 


10 12 .. 


91-2 mm 


9 12 
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1 
>» 


10 22 .. 


.. 110-3 „ 


9 17 






16 


)) 


10 32 .. 


.. 1251 „ 


9 22 






22-3 


)> 


10 42 .. 


.. 137-3 „ 


9 27 






28-9 


yi 


10 52 .. 


.. 149 „ 


9 82 






35*2 


19 


11 2 .. 


.. 169-8 „ 


9 37 






41 


n 


11 22 .. 


.. 208-4 ^ 


9 42 






47-5 


n 


11 32 .. 


.. 221-7 „ 


9 47 






54-7 


n 


11 42 .. 


.. 2311 „ 


9 52 






62-3 


tj 


11 52 .. 


.. 241 „ 


9 57 






70- 1 


19 


12 2 .. 


.. 241 „ 


10 2 






78-1 


M 







From these data it will be seen that growth for the first hour 
averaged 6'5 mm., for the second 7*64 mm., and for the third about 

• ♦ M. Tschiriew, in • Comples Reudus/ vol. Ixxxvii. p. 604. 
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6 mm. ; this, it will be remembered, under a magnifying power of 
200 diameters. Growth during the remainder of the day averages 
considerably less ; but judging from the appearance of the plant at 
eight o'clock the next morning, I think the growth had taken phftoe as 
rapidly as when the first measurements were taken. The branches 
shown were given off at 10.7 and 10.42 o'clock, and averaged 

7 * 8 mm. per five minutes. The time required for a plant to develop 
fruit from the zoospore, varies greatly with varying conditions. A 
mat of mycelium, from which the specimen was taken, developed fruit 
in four days, but this time was rather long when compared with other 
observations made on the same germs, considering that the mycelium 
was already well developed. In one case, zoospores were placed upon 
a slide witib a small fragment of a fly ; the first sporangium opened in 
about thirty hours, and the second one on the same filament eight 
hours later." ♦ 

Life-History of Bacterium termo and Micrococcus, — Dr. J. Cossar 
Ewart has communicated a paper to the Boyal Society, from which 
the following is extracted : — '^ While recenUy studying the phases 
through which BaciUua arUhrads passes, my attention was often 
directed to still more familiar organisms, Bacterium termo and Micro- 
coccus. Frequently from cultivations of BacHlus, both rods, spores, 
and filaments disappeared, and in their place millions of Micrococci 
'and the short jointed rods of B, termo were found.! In the short 
rods of B, termo^ which in the struggle for existence overcame the 
less active Bacilli^ minute bright particles were often present. These 
exactly resembled the Micrococci in the field around and between 
them, and were evidently the remains of spores out of which the rods 
had just been developed. The presence of Micrococcu^Aike spores in 
the short rods led me to conclude not only that B. termo had a life- 
history similar to that of BaciUus anthracis, bat also that Billroth was 
probably right in believing that Micrococci were the spores of ordi- 
nary Bacteria. . . . Before attempting to compare the life-history of 
B. termo with what we know of the life-history of BaciUus anthrads^ 
it was necessary to have B, termo isolated from all other organisms. 
After many failures, I was fortunate enough to find a cultivation in 
which the rods of B, termo were alone visible. After keeping this 
cultivation under observation for some time, others were made by 
infecting fresh drops of humor aqueus previously placed on absolutely 
clean covering glasses with as small a drop of the liquid as possible 
on the point of a needle. The covering glasses were inverted over 
cells made by fixing glass rings to ordinary slides by means of 
Brunswick black, the cells having been caref ally washed immediately 
before using witii absolute alcohoL A thin layer of olive oil be- 
tween the edge of the glass ring and the covering glass prevented 
evaporation, and the entrance of moisture and solid particles from 
the surrounding atmosphere. 

* ' American Quartorly Microsoopical Journal,' vol. i. p. 18. 

t This (liiiapixAimnco uf the ono and appearance of the others accounU for 
early invotttigaUtrb l)t>UoviTig that there wod a coutiuuity of development between 
BacUli and Heptic orguniumB. 
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In cnltiyationB of B. termo prepared in this way, and kept at a 
temperature of 30^ 0., I made out that, under certain conditions, the 
rods, instead of undergoing fissiparous division, lengthened into fila- 
ments, in which in due time spores appeared, which, having been free 
for some time, subsequently germinated into short slender rods. . . . 

I next directed my attention to Micrococcus, in order, if possible, 
to make out whether it was a distinct organism, or whether it was 
simply a phase of the life-history of some common Bacterium, e. g. 
JB. termo. After making numerous preparations, I at last succeeded 
in getting a cultivation in which only Micrococci were present. The 
cultivation was made by adding to a drop of humor aqueua from a 
fresh ox's eye a minimal quantity of pus from a newly opened 
abscess on the point of a calcined needle. For three days there was 
no indication of organisms, but on the fourth, small moving particles 
were visible, which, when examined with a No. 12 immersion (Hart- 
nack), were seen to be either round, oval, or dumbbell-shaped, and 
often in groups of two and four. 

A long and careful study proved that the different forms were 
all phases of the same organism ; the oval forms became dumbbell- 
shaped, and then divided into two round bodies, similar to, but 
smaller than the sporules of Bacillus anthrads. The two round 
bodies moved actively about till they separated from each other, when 
each became dumbbell- shaped and divided as before. . . . 

Though kept under observation for three weeks, not one of the 
round or oval organisms present ever germinated into a rod. . . . 
Hence, having failed to find Micrococcus developing into bacterial 
rods, it may, in the meantime, be inferred that it is a distinct form ; 
or just as Torula may be an arrested phase of some Penicillium-like 
organism, so may Micrococcus be the spore of a Bacterium which has 
either altogether lost its power to germinate, or can only do so under 
very peculiar conditions. That Micrococcus closely resembles Torula 
vdll be at once apparent. 

If the oil be removed by blotting paper from between the glass 
ring and the covering glass of a preparation made as above described, 
or if the covering glass be fractured without being displaced, the 
cultivation liquid rapidly evaporates, and the remains of what a few 
minutes before were active organisms are in great part left adhering 
to the under surface of the covering glass. Preparations treated in 
this way may be either subjected to high or low temperatures, or, when 
protected by a glass cap, may be left in the ordinary atmosphere. 
The result of desiccation was ascertained by infecting flasks contain- 
ing sterilized organic infusions. Such flasks infected with rods desic- 
cated at 20^ C. remain sterile, but flasks infected with desiccated 
spores soon teem with Bacteria, and flasks infected with desiccated 
Micrococci soon teem with round, oval, and dumbbell-shaped organ- 
isms, leading to the conclusion that desiccation destroys bacterial 
rods, but that, though continued for weeks, it has no influence on 
spores or Micrococci, If Micrococci and the spores of B. termo are not 
destroyed by desiccation in a small protected atmosphere, it may be 
further inferred that they retain their viability when dried in the 



352 NOTES KSD MEMOBANBA. 

ordinary atmosphere, and being extremely small and light, that after 
they are dry they will float about along with other solid particles in 
disturbed, and settle down in quiet atmospheres without undergoing 
any change until they find themselves in a medium which admits of 
their growth and development. In all probability, desiccation de- 
stroys the oval and dumbbell-shaped forms of Micrococcus, the round 
spore-like forms only retaining their vitality. . . . 

Along with Dr. Burdon Sanderson,* I have shown that the 
spores of B. anthracis are destroyed when the fluid they are suspended 
in is kept for a few minutes at the point of ebullition. The same is 
true of B. termo and Micrococci. On the other hand, when ihey are 
subjected to a temperature of 110^ C. in a dry state, they are not 
destroyed ; they are rendered inactive, however, by a temperature of 
120° C. The difference between the effects of moist and dry heat is 
probably owing to the gelatinous capsules of the spores and Micro^ 
cocci giving way, and thus allowing the boiling fluid to come into 
direct contact with the unprotected central protoplasm."'!' 

Life-History of Spirillum. — Dr. Ewart in conjunction With Mr. 
Patrick Geddes also contributes a paper on Spirillum. They point 
out that, notwithstanding the numerous and fruitful researches which 
have been recently made into the life-history of Bacteria, our know- 
ledge of the common and interesting curved and spiral forms — the 
Vibrio and Spirillum of Ehrenberg — has made little or no advance 
since his time, neither embryonic nor reproductive forms having ever 
been observed ; while even the zoogloea phase, so characteristic of 
Bacterium and Bacillus, has only been once mentioned,} and then in 
a different form. (The authors add in a note that they are very 
strongly of the opinion that the forms described by various authors 
as Vibrio are merely either (1) zigzag dividing BttdUus, (2) slightly 
waved Bacillus, or (3) undeveloped Spirillum, and hence that Vtbrw 
should no longer be used as a generic term.) 

The life-history of Spirillum, so far as at present known, is thus 
summarized. The well-known motile corkscrew may alternate between 
the active and resting states, and ultimately lengthen out into a small 
filament, which loses its definite t^vist and may freely bend or 
straighten. This thread grows into a much larger and longer 
motionless filament, in which spores appear. These rapidly divide 
and acquire a bright brown colour, the filament reassuming the 
motile condition, and sooner or later breaking up. The freed spores 
encyst and divide, forming capsules, which after a period of quiescence 
themselves become motile, the sporules contained in them escape and 
germinate into ^^ commas," which become Ft6rto-like, and soon grow 
into the common motile Spirillum. 

The resemblance of all this to the life-history of Bacterium termo 
and Bacillus described in the preceding paper is at once apparent. 
Not only is there the same alternation of a resting with a motile 
phase, but there is a lengthening into filaments, the protoplasm of 

• * Quart Jour. Micro. Science,* April, 1878. 

t * Proc. Roy. Sec.,' voL xxvii. p. 474. 

t Lankeeter, * Quart. Jour. Micro. 6ci.,' vol. xiii. p. 424. 
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which condenses into spores which divide and genninate. Moreover, 
there are also moving filaments, and finely granular spheres, while 
the resemhlance to B, ruheacenti is even more striking. That the 
deeply coloured spherules, figured by Lankester in the filaments and 
capsules, and described as " loculi," as well as the so-called ^^ sulphur- 
granules" of Gohn,* correspond to the ''spores" of the authors is 
extremely probable, although their germination has not yet been 
observed.! 

On this paper Professor Eay Lankester writes : j; — " I have no 
doubt from their description and from observation of the same growth 
that the organism present was identical with my Bacterium ruhescens. 
During the phase in which they observed it the production of SpiriUum" 
forms was exceedingly active. The SpiriUumr-foim observed by Ewart 
and Geddes and the filaments related to it appear to be identical with 
those described* and figured by Warming.§ Professor Giard, of Lille, 
has also figured the same SpirUlum-ioTm of Bacterium rvbescens in the 
' Bevue des Sciences Naturelles,' tom. v., 1877; I do not feel satisfied 
from the account given by Ewart and Geddes that the bodies which I 
have called ' loculi ' and which they term ' spores ' have any charac- 
ters which justify the use of the latter term in regard to them. They 
do not appear to be the same kind of bodies in origin as the so-called 
' spores ' discovered by Cohn in Bacillus, and it is not at all certain 
that thoy germinate, as Ewart and Geddes have inferred, though their 
observations lend a certain amount of probability to that suggestion." 

Observation of Live Aquatic Animals. — The microscopical study of 
live aquatic animals is often very tedious and unsatisfactory on 
account of their almost constant motion. This may be very effectually 
overcome by adding a small quantity of sulphuric ether to the water 
in which they are kept. Ether is a very excellent quieting agent, as 
it mixea quite readily with water, it does not sensibly affect tibe cir- 
culation, and the animals are as lively as ever soon after being put 
bock into fresh water. || 

Unit of Micrometry, — The resolutions of the Indianapolis Micro- 
scopical Congress, which are printed at p. 254, were considered at a 
recent meeting of the New York Microscopical Society, who resolved 
to approve of the first one, viz. the recommendation of the y^ of a 
millimetre as the unit. After some discussion the other resolutions 
were " laid on the table." 

The proposed Micro^Metric Unit, — These resolutions evidently do 
not find favour with the editor of the * American Journal of Micro- 
scopy,' who somewhat severely criticizes thei^ in an article under the 
above heading in the October number^ and from which we make the 
following extracts : — 

That the metric system will ultimately be the one universally 

• « Beitriige zur Biol. d. Pfl.,' 3, 1875. 
t *Proo. Roy. Soc.,' vol. zxvii. p. 481. 
i * Qiiar. Jour. Mic. 8c,' October, 1878. 

§ ' Obseryaiions sur quelaues Bacteries qui se rencoDtrent sur les cotes dti 
Danemark.' Soci^t^ d'Hist. Nat. de Copenhague, 1875. 

II Mr. Gage, in 'American Quarterly Microficopical Journal,' vol. i. p. 71. 
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used, there cau be no doubt, and those who are about to provide 
themselves with an entirely new set of standards would do well to 
adopt for general work the metre or one of its subdivisions, but our 
power to reduce inches to millimetres by calculation (1 mm. = 
0* 03937043 inch) greatly exceeds in delicacy our power to make 
observations, and where any observer has already employed the inch 
or is provided with standards which he has carefully examined and 
compared, it becomes a serious question whether or not he should make 
a change. 

It may be well, however, to bear in mind that it is not more than 
once in a hundred times that micrometric measurements are stated in 
absolute quantities, that is, in terms of the inch or metre. In most 
cases the micrometer is used merely to ascertain the extent to which 
the object is magnified, and this is generally effected by placing a 
micrometer on the stage, and making a drawing of its divisions under 
the same power that l£e object itself is drawn. The drawing of the 
enlarged image of the micrometer then becomes a scale for measure- 
ment, its absolute value being determined by applying to it an 
ordinary rule or measure. For this purpose the particular standard 
that is used is of no consequence whatever, but so long as foot rules 
and scales divided into inches are more common than rules divided 
into millimetres, just so long will micrometers expressing divisions 
of the inch be more generally convenient than micrometers divided 
after the metric system. The measurements of blood-corpuscles are 
perhaps the only absolute measurements generally made, and in the 
literature of this subject (at least, that in the English language, 
which, by the way, is the best literature relating to it) the divisions 
of the inch are always used. Those who propose to investigate 
this subject, will save themselves much useless labour by employing 
a micrometer having divisions of the inch. 

The proposition to use the so-called metric standard in preference 
to the inch and its subdivisions may therefore be dismissed as one 
having little power for good or ill. As the metric system comes into 
use generally, so it will come into use amongst microscopists, and not 
till then. Every scientific man will, of course, hail its adoption with 
pleasure. 

The proposal to use the y^^ of a millimetre as the new unit is, 
however, of a much more mischievous teudcncy. It puzzles us to see 
to what possible advantage it can give rise, or why it should have 
been brought forward at this day, after having been proposed by 
Harting years ago, and justly consigned to oblivion by all intelligent 
workers. The principal reasons for and against the adoption of a y^ 
of a millimetre as a so-called unit are as follows : — 

In favour of it we have the avoidance of fractions, of which the 
following may be taken as an illustration : — The jl^ of a millimetre 
is about the ^^Vir ^^ ^^ ^^^^ I instead therefore of speaking of the 
8 37 o^ ^^ ^^^ ^^ might use the term '^ three units," which at first 
seems more simple and easy of expression. In fact, however, it is not 
BO. A ^^ quarter of a yard" is an expression quite as easily com* 
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preLended as "nine inches." And, unfortunately, if this be the 
object, the unit is far too large. Harting saw this difficulty a quarter 
of a century ago, and sought to avoid it by making his unit the Yinrv 
of a millimetre, which is the one-tenth of Professor Hitchcock's 
proposed unit. This unit Harting proposed to call the micro-milli' 
metrBj and to designate it the letters mmm, were employed. Thus we 
had m, fbr the metre, mm. for the millimetre, and mmm. for the micro- 
millimetre. But even Harting's unit was too large, and why Professor 
Hitchcock should have gone back half a century and suggested a 
centi-millimetre, passes our comprehension. 

Such a proposition is, however, open to the fatal objection that it 
introduces a new term which must be unintelligible to all except 
microscopists. For example, an engineer finds a paper in which he is 
interested, and in which the quantities are given in the new unit ; how 
is he to avoid the most serious mistakes unless each paper, no matter 
what its subject may be, shall first give a full explanation of the 
measures used ? The truth iS) that this proposition tends to separate 
microscopists from all other scientific men by establishing new and 
unnecessary units, notations, and terms. And the absurdity of such a 
suggestion is at once obvious, when we reflect that all ^is fuss is 
made merely about the placing of a decimal point, for that is really 
all that it amounts to. The metre and millimetre are well-known 
and universally recognized units, having familiar contracted designa- 
tions m. and mm. To urge the adoption of a new unit is as much a 
backward step as it would be to attempt to revive the old wine and 
beer measures, and bring them into use for special liquids.* 

Wartdia, a new Oenus of Annelida, torongly considered as the 
Embryo of Terehella. — ^In 1845, in his memoir * On the Development 
of the Annelida,' Milne-Edwards, after having described and figured 
the transformations of Terehella nehulosa of Montagu, added : *' I am 
inclined to believe that, from not having known these metamorphoses, 
the larv8B of Terebdla have been taken for special types, and thus 
genera have been uselessly multiplied." Since then, the larvsd of the 
Annelida have been much studied, and an opposite error has arisen. 
This has happened because instead of following step by step the 
embryo of any given species, from the egg, isolated after its extrusion, as 
was done by Milne- Edwards, some naturalists have employed in their 
researches larvce caught in a fine net, a method which requires the 
greatest care in its application to embryogeny. It is thus that 
Claparede,! in his * Observations on the Anatomy and Development of 
the Invertebrata,' t describes and figures, as different stages in the 
evolution of Terehella conchilega, young Annelids, which have in reality 
no genetic relationship with this type, so common on the coasts of the 
English Channel and of the North Sea. 

The observations of Glapar^de were made at Saint-Yaast-la- 

♦ * American Joornal of Microscopy/ vol. iii. p. 236. 

t * Boobftchtungcn iiber Anaioraie uiid Entwickelungsgeschichtc wirbullotjcr 
Thioro an dor Euste von Normaiulio ungestcllt' Leipzig, Engelmaun. 18G3. 
t Pp. 63-69; pi. viii. ilgs. 12 aud 13; and pi. ix. 
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Hougue ; I have recently at Wimereux met with the same species of 
Annelid, which lives in the adnlt state under very peculiar conditions : 
it is in reality one of the most interesting forms for the genealogical 
classification of the Ghsetopoda. If we examine attentively a corm of 
Laomedea gelatinosa, we frequently find on the branches of this 
Hyd^ozoon, small transparent upright tubes, which may easily escape 
notice, so exactly do they imitate the gonothecsd of the Gampanularia. 
Each of these tubes is inhabited by a pretty transparent Annelid, 
which only differs from the assumed embryo of TerebeUa conchilega * 
in having the seven tentacles practically equal to each other ; at least 
the median one exceeds the six lateral ones but very little in length. 
The presence of generative products in a good many individuals 
assures us that these Annelids are adult. The existence of voluminous 
otocysts, exactly similar to those of the Molluscs, the peculiar form 
and disposition of the tori uncinigeri at the extremity of the ventral 
cirrhi of the posterior part of the body, enable us to class this Annelid 
in a new genus, much farther removed from TerebeUa than has been 
hitherto supposed, and presenting affinities with several families of 
Polychetes. I dedicate this genus to my pupil Adolphus Wartel, who 
was the first to find the Annelid. I call the species Wartelia gonotheca 
to recall the curious mimetic character which I have noticed abovo. 
The disposition of the tube of WarUlia gives it also a certain re- 
semblance to the tubicolous Botifers. 

After the preceding facts, a retrogressive metamorphosis and a 
transformation so complete as Glaparede had thought it, is out of 
the question for TerebeUa The embryogeny of TerebeUa conchilega 
ought to be entirely re-examined; the most complete observations 
which we possess at the present day on the development of Annelida 
of the genus TerebeUa are those of Milne-Edwards relating to TereheUa 
nebuhsa, Montagu. 

Near to the WarteUa should probably be classed a tubicolous 
Annelid from the Mediterranean, described by Wilhelm Bnsch, | as 
well as the genus Lumara of Stimpson.} Perhaps even the larva- 
figured by A. Agassiz § as the embryo of TerebeUa fulgidaj Agassiz, 
may also be only an embryo of a form nearly approaching Wartelia ; 
this is what may be supposed from the general aspect of the animal 
and the presence of highly developed auditory capsules. It is known, 
indeed, that this auditory apparatus only exists in a very small 
number of Annelids, in other respects far removed from those which 
form the subject of this note.|| 

Hyalodiseua subtilia (Bailey). — Mr. F. Eitton, Hon. F.B.M.S., sends 

♦ PI. ix. fig. 6, of Claparfede. 

t ' Beobachtangen fiber Anatomie und Entwiokelung einiger wirbdloeen 
Seethiere.' Von Dr. W. Buacb. Berlin, 1851. 

X Btimpson (W.), * Marine Invertebrates of Grand Manan/ 1853, p. 30. I 
have not been able to procure this work, which I quote from an extract of A. 
Agassiz. 

§ '* On the Toang Stages of a few Annelids *' (* Annals Lyceum Nat. Hist, of 
New York,' vol. viii., June. 1866), pp. 320, 321. pi. vii., figs. 19 and 19a. 

II M. Alf. Giard, in ' Comptes ttendus,' vol. izxzvi. p. 114. 
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the following note: — ^In my remarks on this form in tho previoas 
number (p. 239), I find I am mistaken in supposing that there were no 
objectives of sufficient defining power to resolve the Galifornian Hyalo- 
discus (H, FrankUnii) when Professor Bailey published his species. 
In his ^ Notes on some new Test Objects' he mentions objectives 
made by Spencer, and Powell and Lealand, capable of resolving tests 
as difficult as the markings on H, FrankUnii, 

Schmidt's Atlas der Diatomaceen-Kunde, — Mr. Eatton also kindly 
contributes the following: — The long delay in the publication of 
parts 15 and 16 has arisen from the continued illness of the author. 
We are glad to say that he is now recovering, and he hopes to be able 
to publish the future parts with greater regularity. 

The parts just received are devoted to that very puzzling genus, 
Coscinodiscus, of which 218 figures are given. The majority of them 
are excellent delineations, and can be easily recognized. 

We think that too many figures of one species are given, the 
differences being much too slight even to constitute varieties ; for 
example, G, siihtilis, which differs but little from G.fasciculatus (by the 
way, the Eev. E. O'Meara describes and figures a species under this 
name in the * Q. M. J.,' vol. vii., N. S., p. 249, pi. vii. f. 1, but it is 
not the same as Schmidt's species. He afterwards, in his ^ Irish 
Diatoms,' refers it to C, Normanii of Greville, which does resemble 
Schmidt's G. fascicul-atus, but which certainly does not resemble 
O'Meara's). C. curvcUulus is probably only a variety of G. subtilis. 
Greville's G, symmetrlcus is simply distinguished by its larger granules. 
(7. extravagana must be referred to Aulacodiscus if the generic cha- 
racters of that genus are of any distinctive value. Judging from the 
figure, we should bo disposed to think it an immature valve of A, 
OregonuB, Fig. 34 (unnamed) is no doubt also a member of that genus, 
as the author surmises. G. cocconeiformis is a very doubtful Coscino- 
discus ; it approaches very near to Gocconeis superha, Janisch, the prin- 
cipal difference being its circular outline, a distinction of little value. 
C. denarius closely resembles G. Barhadensis of Greville.* 

Part 16 contains many admirable figures of the large-celled Cosci- 
nodisci ; many, however, appear to us to have no claim to be considered 
distinct species or even varieties. G. huUiens is the form usually 
considered by English diatomists to be the .true (7. heteroporus of 
Ehronberg. 

In this part we have 67 figures, of which only 18 are named. 
G. rchustus, Greville, is probably the same as G. marginatus, Ehr. 

We have in previous i;otices of this work expressed our regret that 
so many figures are given to illustrate differences which are of no 
specific value. As our knowledge of these forms increases, we see that 
characters that were once considered to be good specific or generic 
distinctions, are now valueless. We have Triceratia that are circular, 
Coscinodisci with three and four sides, and Pleurosigmas perfectly 
straight 

* * Trans. Mio. Soc.,' vol. ix. p. 45. 
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The Atlas up to iho prosont dato containB 2280 figures illustrating 
the following genera : — 

Flgnres In Species In 

Atlas. Habfrshiiw's Catalogue. 

1. ActinoptychuB 41 .. .. 62 

2. Amphora 369 .. .. 196 

3. AsteromphahiB 24 .. 34 

4. Aulacodiscua 64 .. .. 55 

5. Auliscus 75 .. .. 46 

6. Campy lodiscus 196 .. 115 

7. Gooconoma 35 .. .. 35 

8. Goscinocliscud 218 .. 129 

9. Cymbella 79 .. .. 119 

10. Encyonema 34 .. ., 19 v 

11. Navicula 876 .. .. 830 

12. Surirella 219 .. .. 221 

2230 .. .. 1861 



In the above table we have compared the number of figures in 
each genus with the number of species in Habirshaw's Catalogue. It 
will be seen that in most cases the figures are much in excess ; but on 
comparing the names in the descriptions of the plates, we find the 
actual number of species figured is much below that in the Catalogue ; 
for example, in the genus Actinoptjchus we have 41 figures repre- 
senting 23 species; Aulacodiscus, 64 figures, 24 species. A largo 
proportion of the generic (330) and specific (6186) names in the 
Catalogue are only synonyms ; but estimating the actual number of 
genera at 150, if the work is continued on its present scale, it will 
require 200 parts to complete it, and its publication will extend 
to fifty years. 

Application of Freezing Methods to the Microscopic Examination of 
the Brain. — ^Mr. Bevan Lewis, F.R.M.S., contributes the following 
(with additional matter) to * Brain ' :* — *' Our handbooks teem with 
descriptions of the most approved methods of preparation by harden* 
ing reagents, but I cannot recall to mind any description of the 
method to be adopted for examining the brain in sections obtained by 
freezing, and I therefore purpose describing the method adopted by 
myself, feeling convinced that it will be fully appreciated by those 
who have up to the present employed the tedious process of chrome 
hardening, and suffered, as I have personally, from the numerous dis- 
appointments attendant ux)on the exclusive use of this method. It 
appears to have been the opinion of several microscopists who have 
employed the chrome salts exclusively, that the freezing method was 
wholly inapplicable to the investigation of the central nervous system, 
and several authorities in cerebral histology had expressed to me such 
an opinion. Results obtained by at least one Grerman observer and 
my own work at the West Biding Asylum prove this view to bo 
incorrect. 

I was led to the employment of ether for freezing tissues, after 
having experienced numerous difficulties in the use of the ice and 

♦ * Brain,' vol. i. 
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salt mixture. The process was so tedious that a more expeditious 
method appeared desirable, and I therefore constructed an in- 
strument for freezing with ether spray, and described it in the 
* Journal of Anatomy and Physiology ' for April, 1877. At this time 
I was informed that an instrument was described by Mr. Hughes 
in the same journal twelve months previously ; but finding my 
microtome simpler in construction and more expeditious in freezing, 
I have employed it, with some slight modifications, up to the 
preset time. The woodcut represents 
in vertical section the freezing micro- 
tome which I constantly employ, and 
which I can very strongly recommend 
for general use. The lower half (a) 
is in principle an ordinary Stirling 
microtome ; the upper half consists 
of a freezing chamber (h) and the 
section plate (c). As regards the 
microtome, I always insist upon the 
use of an oval instead of a circular 
plug (^), whilst the screw should be 
three-quarters of an inch in diameter, 
finely worked, and with a milled head 
at least y of an inch wide. The 
freezing chamber (&) should have a 
false sloping bottom (J) leading to 

an exit tube (e;, which conducts off the condensed ether. Extremely 
simple as this contrivance appears, it is absolutely necessary for 
success that attention be paid to the following details of construc- 
tion. The freezing chamber consists of a large hollow cylinder 
of zinc, slightly over two inches in diameter, and capped with a 
plate of the same metal. This cylindrical chamber is soldered on 
to the microtome plug, so as to ensure absolute steadiness in 
working, and it possesses three circular openings three-quarters of an 
inch in diameter, one placed in front of the two others laterally 
opposite each other. The section plate (c) is also made of zinc ^^y of 
an inch thick, and raised upon the vertical arm (d), also made of tho 
same metal. The opening in the section plate should be sufficiently 
large to allow of the free play of the freezing chamber (h) through it 
without affording any point of contact between the two. With a 
freezing chamber such as the one described, beautifully large and 
thin sections may bo obtained with ease. The material employed in 
the construction of the freezing chamber and section plate is a matter 
of importance, and I met with frequent failures and disappointments 
when endeavouring to utilize other more workable metals ; brass above 
all metals was found unsuitable, and zinc alone fulfilled all the 
requisite conditions. Theoretically, it was supposed that the metal 
chamber should be covered with a non-conducting material, such as 
felt, wood, &c., and that the conduction between the section plate and 
body of the microtome should in like manner be cut off; but practically 
it was found that at the sacrifice of a small amount of other rapid 
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freezing could be ensured and a large number of sections obtained 
before the tissues became loosened from the freezing chamber. It 
should be remembered, that to avoid the expense and incumbrance of 
a special condensing apparatus we have to provide for the free evapo- 
ration and subsequent condensation of ether in the same chamber, and 
consequently a sacrifice of about one-fourth the bulk of ether used is 
sustained. I regard as the requisite of a good freezing microtome the 
following conditions : — 

1. The instrument should be of the greatest possible simplicity. 

2. The freezing should be rapid and expeditious. 

3. The metallic constituents should be such as to retard thawin<; 
of the tissue when once frozen. 

4. A minimum of ether should be expended. 

Now, I would claim for my instrument a fulfilment of these con- 
ditions as far as is possible, without the employment of an exhausting 
and condensing apparatus ; and I would on these grounds advocate 
its use by those who require a most satisfactory microtome, and one 
comparatively inexpensive. The first condition, that of simplicity, is 
too self-evident to dwell upon; the second also is ensured, as the 
tissue is frozen in less than twenty seconds, whilst it remains ad- 
herent to the cover of the freezing chamber for a period sufficing for 
the cutting of a dozen sections or more. A very email quantity of 
ether suffices for freezing, and three-fourths of its bulk becomes con- 
densed, and may be collected in a bottle attached to the tube (e). I 
used a graduated bottle for the ether spray, and can thus read off the 
amount of ether expended in freezing. The costliness of ether has 
been urged against its employment in ordinary section cutting by 
one authority of note, and the objection would prove of great weight 
in case a largo amount of ether was lost at each operation ; it is but 
necessary, however, that the instrument be once seen ia good working 
order to dispel all such notions from the mind, as the results obtained 
are of the first order, and the expenditure of ether very trivial." 

The paper includes a description of the method of cutting sections 
of brain, but space prevents any further extract here, and the original 
may be profitably referred to. 

Angular Aperture defined, — Professor Romyn Hitchcock, of New 
York, brought this subject before the Indianapolis Congress. In 
order that the term "angular aperture" should mean something 
definite, and to avoid ambiguity and misunderstanding in future dis- 
cussion on the subject, he proposed to adopt a definition of the term 
which, right or wrong, should be recommended to the microscopists 
of the country as a convenient and uniform usage. The triangle 
method was proposed for general adoption, considering the angular 
aperture of a microscope objective to be the angle of the apex of a 
triangle having a base equal to the available diameter of the i^nt 
lens, and a height equal to the actual focal length (working distance) 
measured in air for a dry lens, and in the fiuid employed for an im- 
mersion lens, the collar being adjusted for the most perfect definition 
in every cejfe. 

While nearly all the members seemed to be personally in favour 
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of the usage proposed, a motion that the Congress should attempt to 
settle the question by requesting its general adoption met with so 
much opposition that it was withdrawn. 

Trichodonopsis paradoxa {dap.). — The position, as regards classi- 
fication, of this genus of CUiate Infusoria, is said by the * Micrographic 
Dictionary' to be doubtful. It resembles externally one of the 
Vorticellma, but is covered with well-developed cilia. The species 
T. paradoxa inhabits in myriads the intestines of Cydostoma elegans. 

M. A. Schneider contributes a note in regard to it to * Comptes 
Bendus.' He says ''it is common amongst the Cydostomata of the 
neighbourhood of Poitiers. Its study has developed some interesting 
facts (complementary to those of Glapar^e and Stein), which I will 
briefly describe. 

The cuticle presents over the whole of its surface, a very finely 
punctated appearance, resulting from the presence beneath it of an 
uninterrupted layer of little rods of circular section, disposed in 
' palisades,' as may be seen in profile views. They are most easily 
observed on the basilar membr&ne of the disk. They resemble, in 
form and position, trichocysts, although without urticating filaments, 
and although they exist, as I have said, on the basilar membrane, 
which is constantly naked, without cilia or other appendages. 

The problematical organ in the form of a solid cap, regarded by 
GlaparMe as muscular, and left undetermined by Stein, is the nucleus. 
It is hollowed out on one side ; and in the notch, or opposite to it, is 
a small, very distinct spherical nucleolus. 

This shows — 1st, that the problematical organ and its satellite 
(nucleolus) are the only parts of the body which give with acids and 
colouring substances the characteristic reactions of the nuclear matter ; 
2nd, that several Trichodinie, especially Neritilia flutnatilis, have a 
nucleus and a nucleolus, which correspond topographically to the 
organs which we consider as identical in the Trichodonopsis ; 3rd, that 
the problematical organ, occasionally single, is sometimes double, 
triple, or quadruple ; its division may indeed go farther, and it is 
not uncommon to find in the body six or seven tolerably large sphe^ 
rules, and from thirty to eighty smaller granules, representing alto- 
gether the nucleus of which they give the reactions ; the nucleolus 
appears to remain undivided whilst the nucleus undergoes this frag- 
mentation : it is thus shown that the problematical organ plays the 
same part here as the nucleus of the infusoria in reproduction by 
rejuvenescence ; 4th, the impossibility of calling that a nucleus which 
Clapar^e and Stein have wished to consider as such in TMchodo^ 
nopsis. 

This organ, indeed, which surrounds the digestive apparatus, does 
not fix colouring reagents ; its structure is special ; its thickness is 
most commonly occupied by more or less bulky calcidi ; in fact, its 
very existence is not constant, for it is wanting in a whole category of 
individuals which are distinguished at the same time, by slight dif- 
ferences in the conformation of the superior extremity, and chiefly by 
an entirely different arrangement of the digestive apparatus ; and this 
in such a degree that there is a real dimorphism in relation to the 
VOL. I. 2 c 
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existence or abseuce of this organ, which can only be in my eyes a 
part fulfilling a very secondary glandular r6le. 

The use of reagents ha-t also enabled me io rectify several points 
relative to the structure of the disk and to the conformation of the 
digestive apparatus, of which I hope soon to publish the exact 
figures." * 

Importance of the Vegetable CeU-tcalls in the Phenomena of Nutria 
tion, — M. Max Comu writes (in *Comptes Bendns'): — "Sections 
of vegetable tissues sometimes extract the colour from solutions ; 
certain regions are brightly coloured, whilst others remain uncoloured. 
On immersing a transverse section of a monocotylcdonous stem in a 
weak solution of fuchsine, the sheaths of the fasciculi and the 
thickened walls colour brightly ; in ammoniacal carmine, to all ap> 
pearance of the same colour, the elements which are coloured are very 
different, being those which the sheath surrounds. 

Colouring matters, with sufficient power, are thus divided into two 
groups ; one being taken up by the thickened elements, the other not. 

The thickened elements are the woody fibres and cells of dicoty- 
ledonous plants, hypodermic fibres, certain vessels, certain fibres of 
the liber, the sheat)i of monocotyledonous fasciculi, and generally the 
most external part of the cuticle ; but these elements must be full 
grown. 

The elements of the other group are young or thin, and generally 
covered with only a thin layer of protoplasm : these are the cells of 
the cambium, scalariform vessels, the coUenchyma, <&c. The ordinary 
cells, the vessels, and other elements may, according to the plants or 
the part of the tissue, be classed in one or the other category. 
The distinction of these two groups is easily obtained by means of 
sections of herbaceous stems of dicotyledons or of monocotyledons ; 
it is well to destroy the contents of the elements by acetic acid and to 
employ weak solutions. 

The fixing of the colouring matters depends on the relative density 
of the wall ; we get only an imperfect idea of this density from the 
colour and refraction. It is possible to follow by means of thef« 
reagents, the accumulation of new substance in the wall ; the re- 
sorption of this wall in the spiral vessels of the fasciculi in process 
of elongation (Umbelliferas, CucurbitaceaB, &c.) is also easily 
observed. 

The ordinary chemical reagents easily show that the colouring 
has no relation to the chemical composition ; I have been able to 
study with this end, the pure products of M. Fremy (cutose, 
vasculose, cellulose), separated from the mass of complex substances. 

From a physical point of view these data were wanting. 

We know the importance of the cell-wall in the interchange be- 
tween the cells and the ascent of liquids; the experiments of M. 
Jamin have shown the value of certain physical forces, and notably 
of imbibition. But more than that, the walls may be the reservoirs 
in which are accumulated certain soluble principles drawn up by the 

♦ * Comptes RenduB/ vol. Ixxxvii. p. .537. 
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root ; it is thus easy to understand that the sap may be almost 
pare water, and that it could scarcely concentrate itself in the upper 
parts of the plant, subjected during summer to a considerable eyapo- 
ration. The theory of the descending sap and the other theories left, 
in this respect, grave difficulties unsolved. 

As to the substances which do not fix themselves on the walls of 
the elements, we imagine therefore that they must circulate in the 
plant in a very different manner. There is then a distinction to 
establish from a physical point of view, with reference to the cell- 
wall, in the absorption and the migration of the substances dissolved. 

One of the groups of colouring substances contains (in the order 
of the colours of the spectrum) : — 

Aniline black, hematoxyline, Coupier's blue, osmic acid, cyanide of 
iron, aniline blue, rosollic acid, ammoniacal carmine, juice of Phyto- 
lacca, &o. 

The other contains : — 

Methyl-violets and quinoline violet, diphenylamine blue, aniline 
green, Coupier's green, aniline yellow and brown, permanganate of 
potash, coralline, sulphocyanide of iron, fuchsine, rosonaphthaline, &c. 

These properties may be utilized, in approximate analyses, to eli- 
minate easily certain substances sought for (in wines, syrups, &c.), or 
to concentrate them. 

The sulphocyanide of iron acts upon the thickened elements (like 
the perchloride) and colours them the colour of dragon's blood ; never- 
theless a similar section rapidly loses colour in the cyanoferride of 
potassium, and precipitated cyanide of iron acts upon thin and plas- 
matic elements. It is seen that the secondary reactions may much 
modify the primitive distribution of the substances. In experiments 
on nutrition, reactions of this kind may give rise to errors. 

The protoplasm and the nuclei of the elements when dead are 
rapidly coloured by the substances which act on the thick parts ; but 
the whole easily loses colour. The substances of the other group 
colour more slowly, bat in a more permanent manner, the nucleus 
especially. Experiments made in collaboration with M. Mer have 
enabled us to understand this fact. 

The explanation of these phenomena of fixation are based on a 
physical action very similar to capillarity ; the dimensions of the 
molecules and their interval ought probably to be considered : but 
this is not the place to dwell upon it. 

To sum up, we see that physical forces may separate the matters 
absorbed by the plants from one another, according to a law easily 
demonstrated experimentally with coloured substances : very import- 
ant consequences in regard to the phenomena of nutrition may be 
deduced therefrom." * 

Mechanism for the Fertilization of Meyenia erecta. — Mr. R. Irwin 
Lynch, of Eew, describes, in the ' Journal of the Linnean Society,' a 
previously unobserved mechanism in this plant (an acanthaceous shrub 
of tropical Africa) for cross-fertilization. The anthers, which are 

♦ * ComptcB RenduB,' vol. Izxxvii. p. 303. 
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provided with hairs, are placed midway in the tube of the fcumel- 
ehaped, slightly curved, horizontal-lying corolla, their backs pressed 
against its upper wall. The style is as long as the tu1>e, and nms 
along a little groove in the roof. The stigma consists of two lips ; the 
upper is folded into a tube, and points straight forward. Through 
this lip alone is it possible for the pollen to fertilize the ovules. 
Pollen touching the lower lip would seem to be of no avail. What, 
then, is its use ? In contrast to the other lip, it is spread open, and 
projects downwards over the entrance to the tube. Its use is to act as 
a lever in this way : if an insect alights on the limb and essays to 
enter, in so doing the lever is pushed in, so that the receptive surfAoe 
of the upper lip is brought down on its back, where lies a supply of 
pollen from another flower. In this way, pollenization is secured. 
Passing on, the insect releases the lever, and the stigma assumes its 
former position. Now we have to see how, in the first place, the back 
of the insect became charged with pollen. In going to and return- 
ing from the nectar at the bottom of the flower, it would evidently 
brush the pollen off the hairs of the anthers above, by which it has 
been retained. This, then, is the use of the anther-^hairs ; had the 
pollen fallen to the floor of the tube, it could not have been carried 
away. The insect now has to pass out, and again the lever lip of the 
stigma comes into action. Just as it effected pollenization when the 
insect entered, so now it prevents contact of the pollen of its own 
flower. The upper and receptive lip is pushed up out of the way by 
pressure from within against the lever. 

Under the microscope, I find that the edges of the two lips appear 
to be different ; the papillee of the receptive lip are shorter than those 
of the lever lip, and its edge is thickened. I am indebted, however, to 
bright weather for a strong confirmation of the mechanical views I 
have above expressed. I have then observed that the receptive lip 
has been bathed with mucus, while the lever lip has been quite dry : 
the one has thus been shown to be receptive, and the other not. The 
author says he has the support of Mr. Charles Darwin in saying that 
this peculiar structure is thus apparently correctly explained.* 

The SiroTnatoporidcB.^'M.T. H. J. Garter continues the discussion 
on this subject in the October number of the 'Annals,' under the 
title *' The probable nature of the Animal which produced the Stroma- 
taporidcB traced through Hydradinia^ Millepora alcicamis, and Canno- 
pora to Stromatopora" and in which the views of Dr. Dawson t and of 
JProfessor Nicholson and Dr. Murie } are criticized, the latter article, 
however, being referred to as a '* valuable and welcome contri- 
bution." 

Structure of Blood-corpuscles.— -At the ** Physiological Laboratory/' 
University of Michigan, Dr. C. H. Stowell has continued his study on 
the structure of the red blood-corpuscles. 

The method employed is that given by Professor Bcettcher in the 
' Archiv fiir Mik. Anat./ vol. iv. § 

* * Journal of the Linnean Society ' (Bot.), vol. x?ii. p. 145. 

t i^ee p. 208. t ^^ P- 285. § * M. U. J. vol xviii. p. 242. 
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The July number of < New Preparations ' contains the following 
account of recent experiments. Dr. Stowell says : — 

My experiments were performed on cats and rats, poisoning tbem 
with solutions of corrosive sublimate— in some cases bringing on 
death immediately, in others not until the lapse of several days. The 
blood was examined both before and after death, and no change was 
discerned in the appearance of the blood-corpuscles, except in a few 
instances, when there was noticed some change in their shape. This 
is not what one would anticipate from a perusal of Professor Boettcher's 
article. 

However, by following the method given in the last number of 
your Journal, we have demonstrated this nucleus in the red corpuscle 
of man (as previously reported), the dog, cat, and rat. The most 
satisfactory result was obtained from the blood of the rat ; the most 
unsatisfactory from that of a man. No value, however is attached to 
this fact. 

By using higher powers than at first employed, we are positive 
there is a granular appearance to this nucleus, not present in other 
parts of the blood-cell. In some cases this is quite marked, especially 
when the nucleus is large; and also in those corpuscles where we 
have seen a nucleolus, this granular structure is very evident. This 
is what we should expect when accepting Beale*s theory of protoplasmic 
matter. 

In some specimens examined, the proportion of nucleated to non- 
nucleated cells was very small indeed, while in other specimens the 
proportion was much greater.* 

Is there a Science of Microscopy f — *' To the student of natural 
science the microscope is, and always will be a mere tool. Microscopy, 
as a special science, has very little claim for existence. In so far as 
a certain familiarity with the instrument, and training in the proper 
management of the light and accessories, are necessary to enable one 
to use the instrument, it may be called a science. We should detract 
nothing from the merits of those who are expert in securing the most 
perfect performance of an objective. 

Still, as a matter of fact — and plain facts should not give offence 
to anyone — we must admit thtft the great value of the microscope, as 
a means of investigation, lies in the aid it gives to almost every 
branch of science. 

This leads us to a statement of what, in our opinion, a micro- 
scopical journal should be. Hecognizing the value of microscopical 
study in the various branches of natural science, such a journal should 
aim to publish the results of research carried on with the microscope 
in every department. 

This opens a wide field, and demands the attention of the 
naturalist, the physician, the lithologist, and the botanist, of all, in 
fact, whose study leads them to examine minute structure, and there 
are few indeed, at the present day, who find no use for a microscope. 
While we so plainly deny the claims of microscopy to the position of 

* * American Quarterly MicroBcopical Journal,' vol. i. p. 46. 
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a science, at the present day, we as strongly urge its claims as an 
invaluable adjunct in many studies. 

Surely it has revealed isolated facts in structure and growth, it 
has created the sciences of biology and embryology, it has added much 
to our knowledge of morphology, and become of incalculable benefit 
to the physiologist and practising physician ; and yet, of what real 
▼alue would all its revelations be to us, without the systematic 
grouping of facts and knowledge which comes with the development 
of these sciences ; some of which, indeed, the microscope has helped 
to create?"* 

This is one view of the question. It is intended in the next 
number to give a translation of Dr. Ed. Kaiser's article on the same 
subject in the last number of the Berlin * Zeitschrift fur Mikroskopie.' 

On a rare Form of the Hepatic Organ in the Worms. — In the gene- 
rality of worms the liver, repf'esented by a cellular layer attached to 
the intestinal wall, and covering it to a greater or less extent, appears 
to differ fundamentally from the same organ in the Mollusca, Crus- 
tacea, &o. 

The examination of certain types shows, however, that this dis- 
tinction IS far from being as absolute as might at first be thought, 
and in some of the Annelida, belonging to the genus Hirudo, or Chaa- 
topoda, the biliary secretion has a tendency to localize itself in small 
csBca inserted on the margins of the intestinal canal; but these cases, 
which nearly always coincide with peculiar conditions of the digestive 
tube, are too rare and too imperfect to show an actual morphological 
relationship with the arrangements peculiar to the higher Inverte- 
brata. The latter, on the contrary, were found, in all their essential 
characteristics, in a Helminth which I recently had an opportunity of 
examining, and the observation of which proved most instructive in 
this respect. 

This Nematoid, belonging to the Agamonemaa, was seen by Dies 
encysted in the muscles of various fishes, and was sent to me by 
M. H. Filhol, who collected many specimens of them during his stay 
in Campbell Island. In this species the initial or oesophageal region 
of the digestive tube is somewhat slender, and presents no other glands 
but small follicles of irregular shape containing a viscid hyaline fluid 
studded with fine greyish granulations. 

The middle intestine which immediately succeeds, is readily 
recognized by the inequality between its diameter and that of the 
preceding portion ; this difference is owing less to a sensible increase 
in the calibre of the intestinal tube than to the development of an 
external mass of a brownish colour which surrounds it and appears to 
be blended with it. 

If this mass is teased and viewed with an amplification of ^, and 
then of ^^ -, it will be evident that it is formed of glandular tissue. 
It is composed, in fact, of a multitude of culs-do-sac bounded by a fine 
membrane, which becomes slightly thicker at the periphery. In their 
interior are seen a great number of rounded granulations brownish or 

♦ ' AiuericiUi Quarterly Micixtecopical Juurual," vol. i. p. 58. 
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yellowish in colour ; the absence of epithelial elements is easily 
explained by the state of the animal. 

The structure of the organ recalling, in all its principal features, 
the constitution of the liver of the Crustacea and Mollusca; its 
affinities resembling those which it affects in certain of them (Squilla, 
&c.), oblige us to regard it as a new form in the worms, and show that 
if the majority of these animals deviate in this respect from the other 
Invertebrata, there are some which deserve to be classed with them 
and possess like them a true hepatic gland.* 

The Sting of the Honey Bee, — The new * American Quarterly 
Microscopical Jounial' commences with an article by Mr. J. D. 
Hyatt, of 11 pages (with 2 plates), on this object, which the author 
describes as one which '' our naturalists have either imperfectly 
understood or else the records of their knowledge are so concealed in 
voluminous reports of scientific societies as to bei practically inacces- 
sible to the amateur microscopist. 

It is true that we have in most of our books that ti^eat of micro- 
scopic objects, a general description of this mechanism, and if we go 
to the head waters and consult such original investigators as 
Burmeister, Westwood, and numerous others, but above all the 
admirable researches of M. Lacazo-Duthiers, we shall greatly extend 
our knowledge. Tet after having, at great expenditure of time, con- 
sulted all these and many other works, we may come back to our 
slide containing the dissected sting, and still find an inexplicable 
mystery in some of its parts. This has been my experience, and 
with a view of determining more accurately the entire mechanism of 
this intricate and complicated structure, I have carefully observed its 
action, so far as possible in the living insect, and by numerous 
dissections, in whidi I have traced every point of connection of the . 
various pieces, and tested every possible movement of the parts upon 
each other, and made transverse sections through every point in its 
entire length. I now venture to place before you the result of my 
investigations." f The article cannot unfortunately be usefully 
abstracted, and we can only refer to the Journal itself, of which 
a copy is in the library. 

New Diatoms. — Mr. F. Kitton sends the following : — 
Mehsira Borreri (Grev. j, var. hispida, Castracane. This variety is 
distinguished from the type by the presence of teeth or short spines 
scattered over the surface of the valve, and more especially at the 
base of the convex part of the frustule. Canal de Trau, Dalmatia. 

CrcLOPHORA TENUIS, Nov. Gen., Nov. 8p., op M. Db Oastbaoanb. 

Cyclophora, n. g. — Frustula tabulata, rectangula vel in fascias con- 
juncta, vel soluta, vel isthmo gelineo alternatim conjuncta, a fronte 
oblonga linearia, vel parum infiata ; valvis insBqualibus, quarum una 

• M. Joannes Ghatin. in * Comptes Rendua,' vol. Ixxxvi. p. 974. 
t * American Quarterly Microscopicdl Journal/ vol. i. p. 3. 
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annulo yel loculo centitJi instructa. Individoa vivunt in aqua 
marina. 

C, ienuUf n. s. — Frost o la a latere oblongo-rectangnla, medio tumi- 
dula ; valvis lineari-inflalis, polis rotundatis ; una val varum loculo 
oentrali rotundo instructa, in sectione subquadrato. Long, valvarum^ 
44 fi 5-55 fjL 2 ; IcU, 4 /x 8-11 fi 3. Habitat — Ancon® ad soopulom Ste. 
Clementis, Neapolim in aquario. 

(Atti deUa Accad, Pontif,^ 1878, 2* sess. : extracted from Baebis- 
BONiA, No. 2, 1878— a new illustrated monthly serial devoted to 
Algology and Micrographio Botany, edited by M. 6. Huberson.) 

The ' American Quarterly Microscopical Journal ' * also contains 
figures and descriptions by Professor H. L. Smith of the following 
now diatoms (all n. sp. H. L. S.) : — 

Homaeodadia capitata, — ^Black Bock, Cal. 

Meridian intermedium, — Enoxville, Tenn. 

Navicula Kutzingiana, — Avranches, Normandy. 

Navicula parvula. — Villerville (France). 

Nitzsehia Kiitoni, — ^River Catuche, Caracas, Venezuela. 

Baphoneis austraHs, — Boyal Sound, Eergueland's Land. 

Bhizoiolenia Eriensis, — ^Lake Elrie, Lake Michigan. 

Cestodiectts Baileyi, — Lower Lake, Klamath. 

Amphora mnuranata, — Atlantic Marshes, Cape May, N.J. 

Aciinocydus Niagarce. — ^Lake Erie. 

In regard to the last species, the author says that its occurrence in 
fresh water is sufficiently remarkable, as all the members of the genus 
hitherto known are marine, and he concludes that it is one of thoso 
diatoms living at considerable depths, and which are only brought up 
by dredging or storms. That diatoms flourish in immense abnndimce — 
notably, the Ooscinodiscece — at great depths is indicated by many of the 
* Tuscarora ' soundings ; some of these, from depths of over three miles, 
were almost wholly Coscinodiscus omph<ilanthus and its varieties, fully 
charged with endochrome ; and belts of ^ diatom ooze " at consider- 
able depths were also found by the ' Challenger ' naturalists. 

Kutzing*8 Diaiomaceas, — In regard to N. KtUungianay Professor 
Hamilton Smith says : — " I give to it the name of the celebrated 
algologist, Eutzing, whose numerous figures of DiatomacesD, though 
but mere outlines sketched by aid of a microscope that would scarcely 
be looked at, much less through, at the present day, possees more of 
the character and catch more of the spirit of the living species than 
many of the representations of modem days, and whose descriptions 
are models of accuracy and conciseness. The more I study his 
plates, the more I admire their conscientious accuracy and fiuthful- 
ness." 

Collecting Copepoda. — A few words as to the best modes of 
collecting Copepoda is given in Dr. 6. S. Brady's "Monograph of 
the Free and Semi-parasitic Copepoda of the British Islands." f 

♦ Vol. i. p. 12. t Printed for the Bay Society, 1878. 
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*< In the case of tidal marine pools and small fresh-water ponds, such 
/as may easily be fished from the edge, a common ring net fitted with a 
muslin bag and attached to the end of a walking-stick will answer 
every purpose. This may be worked to and fro amongst the weeds or 
in the clear water, and the results, when cleared from coarse debris 
and extraneous materials, may either bo put at once into spirit, or, if 
it is wished to keep the Entomostraca alive, into water, fresh or 
salt, as the case may be. Marine surface-swimmers may be taken 
in a similar way by working the net from the side of a boat, or a 
tow net may be thrown over and attached to the boat by a cord. 
A tow net put overboard from a vessel anchored for the nigbt 
in a tideway will often be found in the morning to have made good 
captures. And it may be noted that surface net gatherings made 
during the hours of dusk or darkness are commonly of much greater 
interest than those taken in daytime ; it seems certain that many 
marine Crustacea which are found near the surface at night recede 
towards the bottom on the approach of daylight. . . . The washing of 
fronds and roots of LaminarisB, which may be dragged up by means 
of the hooked grapnels used on many coasts by kelp-burners, often 
affords multitudes of Copepoda. The weeds ^ould be washed by 
agitation in a large tub of sea-water, and when the operation is com- 
pleted, the water, after being allowed sufficient time — a few seconds 
only — for the subsidence of coarse material, is to be poured off 
through a muslin net, on which the Copepoda, and probably numerous 
other swimming animaloula, will be intercepted. These may be 
cleaned while in the net by repeated douches of sea-water. The pro- 
ducts of the dredge, sand, mud, gravel, shells, <&c., should be treated 
in a similar manner before being thrown overboard. I have no doubt 
that this method of procedure offers by far the best chance of extended 
acquaintance with microscopic life of the sea-bed, and that numberless 
new species and interesting forms of life may be discovered by its 
means. 

The preservation of specimens is probably best effected by alcohol 
in the form of rectified or methylated spirit, but this agent has the 
disadvantages of destroying many colours, and of rendering the 
animals opaque by coagulating their albuminous tissues. Still, 
among the numerous solutions which have from time to time been 
reconmiended, none are on the whole so convenient or efficient. 
Perhaps the next best is a solution of chloral hydrate (twelve grains 
to a fluid ounce) in camphor water. As microscopic preparations, 
Copepoda are best mounted in some gelatinous medium containing a 
very small quantity of glycerine. Treated in this way, mountings 
will keep in perfect condition for many years — eternally for anything 
I know to the contrary — ^without the trouble of cementing round the 
edges of the glass cover. Before dissecting Copepoda for micros 
scopic examination, they should be macerated for a few hours in a 
solution of caustic potash ; the fatty and granular tissues are by this 
means removed and the details of structure rendered clearly visible ; 
the dissection is easily performed under the microscope with fine 
needles, either with or without the help of an erector." 



370 NOTES AND MEMORANDA. 

Zeiaa'a New ^ Oil-immersion Objective. — Mr. A. Schulze ** finds 
tbe optical qualities of this new lens in every respect eqoal to that of 
the |, the angular aperture being about the same. The working dis- 
tance is about one-thirtieth inch, aud the magnifying power with a 
Boss A eye-piece fully 580 diameters. The field is perfectly fiat, and 
the brilliancy and definition leave nothing to be desired, whilst the 
resolving power is extraordinary. All the finer diatomaceous tests, 
such as Amphipleura peUucida, &c., are resolved with the greatest ease 
and with the utmost distinctness ; and although I have hitherto failed 
to see both with the | and the y\f oil-immersion lenses more than 
with Powell and Lealand*s excellent new formula, or some other first- 
class water-immersion lenses, yet 1 see everything better and easier 
than with the latter. For the resolution of the markings on diatoms 
no better lenses could be desired than these oil-immersion lenses. 
... It is to be regi-etted that Professor Abbe and Mr. Zeiss deem it 
inadvisable to undertake the construction of microscopical objectives of 
yet higher power on the oil-immersion principle. This they do, how- 
ever, both on account of practical difficulties in the production of still 
smaller lenses, and because no greater angular aperture could be 
gained than those of the ordinary largest angled water-immersion 
lenses." * 

Theory of the Action of Bacteria in Anthrax. — In applying the data 
furnished by the experiments communicated to the Academy to the 
comparative study of the lesions which I have observed in different 
species of animals, I consider that it is possible to deduce from them 
a general theory of the action of bacteria introduced into an organism. 
The following is a summary of the theory : — 

Anthrax is due to the existence of a parasite which lives and is 
reproduced in the blood and fluids of living animals, which acts through 
its physical qualities, and through the substances v^hich it secretes or 
exudes, or the formation of which it provokes ; these substances are 
soluble, and possess inflammatory properties more or less intense 
according to the animals which nourish the bacteria. The difference 
in activity of the phlogogenio matter has not yet been explained : it is 
possible that it depends on the peculiar properties of the blood of the 
animals in which the parasites are developed, but some experiments, 
unpublished as yet, lead me to think that they may be owing to poly- 
morphism. 

When the bacteria produce a matter which is only slightly inflam- 
matory, they act more especially by their physical properties, and 
cause death by the obliteration of the capillary vessels of the essential 
organs ; such is the case with the rabbit, the sheep, and the guinea- 
pig, where these lesions are almost exclusively met with. To the more 
intense phlogogenic properties correspond vascular lesions of another 
order ; the rupture of the capillary vessels and effusions of blood more 
or less considerable which exist simultaneously with the vascular 
obliterations, as is seen sometimes in sheep, and always in the horse 
and the ass. L«'istly, the inflammatory properties may predominate, and 

* ' English Mechanic,' vol. zxviii. p. 144. 
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death take place, when the number of the bacteria is relatively incon- 
siderable ; the vascalar raptures then become of extreme importance ; 
they are found especially in the walls of the heart of the dog. 

It now remains, in order to complete this theory, to examine and 
explain the lesions of the lymphatic system. The following are the 
facts which have been derived from my experiments : 

Three cases are possible : 

1. The Anthrax was transmitted by itwculation to an animal which 
died without showing vascular raptures. 

2. The Anthrax was transmitted to the animal by injection direct 
into a vessel. 

3. The Anthrax was transmitted either by inoculation or by intra- 
vascular injection to an animal which in tiie coarse of the malady 
showed more or less numerous vascular ruptures. 

In the first case researches made on the fresh or hardened ganglia 
and by means of sections, showed no bacteria except in those situated 
in the course of the lymphatics, proceeding from the inoculated spot, 
where they were found in immense numbers. 

In the second case no ganglion showed the presence of bacteria in 
the sinus; the only ones met with were contained in the blood-vessels 
of the follicles. 

In the third case all the ganglia situated in the course of the 
lymphatics, proceeding from the points where the vascular ruptures 
existed, were gorged with bacteria ; the infiltrations in the neighbour- 
hood of the rupture showed heaps of them, formed of long entangled 
filaments, and the ganglia had a quantity of them in their sinus, which 
augmented with the age of the rupture. 

These three cases are easily interpreted ; they are reducible, in 
fact, to one. The mode of action of the bacteria is always the same. 
Take the first (that of inoculation) as a typical case. 

When an animal has been inoculated, from that moment until its 
death it constantly shows the presence of bacteria in one or other 
parts of its economy — not latent bacteria in the state of the germ, but 
entire and articulated, and visible to the microscope. They are 
always found in the connective tissue adjacent to the inoculated spot, 
and their number is greater in proportion as the period of inoculation 
is distant from that of observation. The infiltration or oedema which 
they provoke, is propagated in the direction of the lymphatics which 
collect and convoy them to the ganglion. They penetrate this organ, 
as do all finely pulverized solid substances, as red-lead injected under 
the skin and tattoo powders; I have found them in considerable 
numbers (about ten in the field of tiie microscope), five hours after an 
inoculation has been made, at two centimetres distance from an axillary 
ganglion, in the pulp of this ganglion. Once in a ganglion they mul- 
tiply, produce inflammation, and a more ready discharge of the sub- 
stances inclosed in the lymphatic sinus ; their multiplication by 
elongation is also a mode of progression; they finally issue forth 
through the e£ferent vessels and reach the following ganglion, or 
rather the blood-vessels, where they multiply rapidly and where they 
remain. 
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From the instant that the bacteria penetrate into the blood (by 
taking the blood of a rabbit inoculated 7^ honrs preyioualj from three 
pnnctares made in the inside surface of each fore-leg, and injecting 
fifteen drops of it in the jugular of another rabbit, I caused the death 
of the latter) the phenomena are as though the injection had been 
made in the yessels, that is, as in the second case, allowance being 
made for the parasites constantly supplied by the ganglia which were 
the first receptacles. 

Finally, in the case in which vascular ruptures supervene after 
the penetration of the bacteria into the blood, each rupture lets a 
greater or less number of bacteria escape, which there act as true, deep 
inoculations, which are followed by the same disorders as in sub- 
cutaneous inoculation, that is to say, infiltration, penetration into 
the ganglia, and return to the blood. But the disorders in this case 
are so numerous and severe that the animal dies before the capillary 
emboli are formed. 

The knowledge of these facts may throw some light on the mode 
in which the bacteria penetrate in tbe case of spontaneous Anthrax ; it 
enables us to determine in what part of the economy and through what 
channel the parasites are introduced.* 

Onchopora hirsuta. — Mr. W. H. Weightman, of the Liverpool Micro- 
scropical Society, has shown that, besides the common tubes, described 
and figured by Mr. Busk in the * Quarterly Journal of Microscopical 
Science' for 1855, there are also at the base of the lowest in- 
temode a number of radical tubes, which Mr. Busk seems to have 
overlooked. They are each upwards of one-tenth of an inch in length, 
hollow like the others, but spirally twisted, and not jointed. The 
extremity of each of these radical tubes is dilated, and of a crozier-like 
form, and of a much darker colour than the shaft. Within the crozier- 
like tip there appears to be a dark secretion, which in the living con- 
dition was probably fluid, but the purpose of which he is quite 
ignorant of. 

The calcareous cell of Onchopora is somewhat granular in sub- 
stance, and is minutely punctured, and acts with some degree of 
energy on polarized light, but not so much so as the corneous tubes, 
which are quite brilliant when viewed with polarized light; the 
radical tubes are somewhat less so. 

Spore Nomenclature. — In regard to an article on this subject in 
the 'Bot. Zeitung,* by Messrs. A. de Bary and £. Strasbiirger, tbe 
« Bulletin ' of the French Botanical Society (vol. xxv. p. 82) says : — " The 
Acetabularia furnishes a new example of conjugation between zoospores, 
interesting because of the terminology it gives the authors an oppor- 
tunity of proposing. The biciliated and sexual autherozoids which 
are capable of copulation receive from them the name of ^ gameU$^ and 
the products of their copulation that of ' zygote^ instead of isospore or 
zygospore. They are anxious to remove from this name the root- 
tpore^ reserving this term for the reproductive body which does not 
result from a fecundation." 

* M. Toussaint, in * Comptes Rendos,' vol. Ixxxvi. p. 978. 
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The Causes of Buzzing in Insects. — The unmber of *Comptes 
Bendns ' for 7th October last * contains a note by M. Jonsset de 
Bellesme on M. Perez's paper on this subject which appeared in an 
earlier number, and which is translated at p. 276. The note is in 
substance identical with that which is quoted from the ' Times ' at 
p. 278, and as, although somewhat more precise, it includes no addi* 
tional facts, it is unnecessary to reproduce it here. A translation 
appears in ' Annals and Mag. of Nat. Hist.' for November. 

The Qerm Hypothesis of Putrefaction, — ^Dr. B. W. Richardson, F.B.S., 
delivered during the present year at the Society of Arts a series of six 
(Cantor) Lectures on " Putrefactive Changes and on the Preservation 
of Animal Substances." The lectures concluded with a reference to 
the Germ Hypothesis, of which the following is an abstract : — 

This has been very dififerently treated by different authors. On 
one side it has been subjected to derision, on the other extolled to 
childish adulation. It may be said to have started with the observation 
of Bedi, that the exclusion of dead animal matter from something in 
the air, which could apparently be filtered out of the air, arrests putre- 
factive change as it might arrest the introduction of the ova or germs 
of other living forms in the same substance. We have seen in our 
experiments that exclusion of air does, for a time, under some circum- 
stances, interfere with commencing putrefaction. 

This looks like truthful demonstration. Yet still it is a very easy 
thing to oppose the hypothesis altogether. We can show, that animal 
tissue decomposes in the closest chamber; when imbedded in hard 
paraffin ; when coal-gas or other negative gas takes the place of air. 
All these facts indicate that air is not wanted either to act itself, or to 
convey particles or germs. 

But it may be urged on the side of the hypothesis, that the dead 
animal substances, before the time when they were subjected to these 
exclusive tests, had been exposed to the infection of germs. 

To this there is an experimental answer. Here are specimens 
which after having been subjected to the air itself, under pressure, had 
not decomposed ; and others which have been exposed to the air, but 
because they are charged with a small part of a salt, or gas, or vapour, 
have not decomposed. Thus a substance may be exposed to the air 
and may not change. All our salted provisions may be used as argu- 
ments in sapport of this truth. 

There will again be a ready answer to suit the hypothesis, namely, 
that under such conditions germs cannot live. The conditions are 
fatal to life in any form, ^ow can germs live in cyanogen, or 
sulphurous acid, or under atmospheric pressure, beyond what is 
natural *f 

The answers are plausible, and the germ hypothesis might be de- 
fended possibly on them if there was nothing else to be said. But 
there is more behind. We can arrest life in action and still have 
decomposition. If I were to put a firm ligature round one of my 
limbs, and so completely cut off the supply of blood, I should do the 

• Vol. Izzxvii. p. 635. 
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most efifectual tbing for cutting off the sapply of germs into that limb, 
if germs really do enter it. Thereby, I ought to stop decompositioii 
of that limb, for I have cut off both oxygen and blood from it. 
Nevertheless, the muscles of the limb will of a certainty decompose. 
My explanation why the limb decomposes, under those circumstances, 
is clear enough. I would say that I have left the water of the tissue 
subjected to agents in the blood itself, fibrine, and blood-cells, which 
are alone sufficient to decompose the water of the tissues, and that as 
I have cut off the supply of blood that was entering the limb, the 
liberated hydrogen, in the nascent state, combines with the nitrogen 
and other elements of the nitrogenous textures, and sets up the series 
of decompositions — or re-compositions — called putrefactive changes. 
Is there, then, no truth at all in the germ hypothesis ? There is, 
I think, a germ of truth. I believe it is probable, from the two 
circumstances, that filtration of air does, in some structures, check 
putrefactive change, and that in these instances new forms of life are 
developed. From these two circumstances it is, I repeat, probable 
that there may exist in the air minute organic particles which, coming 
into contact with the water of collodial structures and fluids, are 
capable, like fibrine and blood-cells, of starting the decomposition of 
water, and so exciting putrefaction. Germinal particles may thus 
be added to other and much more abundant materials capable of 
exciting the change. This is all I have to say, from what I have 
seen, in support of the germ hypothesis ; and indeed, in saying so 
much I am rather acknowledging certain facts which, at this moment, 
do not admit of other explanation, than putting forth an affirmative 
opinion.* 

*^ HuUite" — At the Dublin Meeting of the British Association, 
Mr. E. T. Hardman, F.G.S., read a paper on this hitherto undescribed 
mineral, which occurs in abundance near BeKast, in the basalt form- 
ing the neck of a Miocene volcano. The author proposed to call it 
Hullite, after Professor Hull, in commemoration of the valuable work 
he has done in elucidating the microscopic mineralogy of the basalts 
of Ireland. Professor Hull has examined the microscopic structure of 
the mineral and of the rock in which it occurs, and has described the 
appearance presented by the mineral. Under the microscope it ia of 
an amber-brown colour, nearly opaque. It permeates the whole rock, 
filling the interstices, and enclosing the other minerals. It appears 
very much to assume the character of chlorite, and is undoubtedly a 
distinct mineral, and not a product of alteration. 

The Revivification of Diatoms. — Keferring to the communication of 
M. Petit (see p. 26) to the French Botanical Society, M. Bureau 
reminded the Society that some plants relatively high in organization, 
such as certain species of SeUigineUa and Ferns, were capable of being 
revivified after a prolonged desiccation in an oven heated to 60^ C. 
He had made experiments which left no doubt on the subject. 

M. Duchartre observed that a distinction must be made between 
the experiments of M. Bureau and those of M. Petit on the Diatomaoeie. 
It appeared to him, according to M. Petit's communication, that it is 

* * Journal of the Society of Arts,' vol. xxvi. p. 971. 



N0TB8.AND IfEHOBANDA. 375 

necessary, in order that the diatoms should be desiccated without 
perishing, that they shoald be enveloped in the mud, and that conse- 
quently the desiccation of these AlgsB does not take place in the open 
air. M. Petit replied that that was in effect his opinion, and that he had 
remarked in the conrse of his observations that all the diatoms which 
were in the open air without the intermediary of a protecting body to 
retard the desiccation were dead, and that all his efforts to recall them 
to life were in vain.* 

The DiatomacecB of the Arctic Eocpedition, — Dr. Dickie reports in 
the • Journal of the Linnean Society (No. 98, Bot.) on the Algas col- 
lected during the last Arctic Expedition, by Captain Feilden, Dr. 
Moss, and Mr. Hart, beyond lat. 78° N., including the DiatomacesB. 
The localities where they were gathered are first given in numbered 
series, after which comes a list of all the genera and species, with 
numbers corresponding to the localities attached. This saves need- 
less repetition, is available for data concerning distribution, and at 
a glance shows paucity or frequency of genera and species. 

The Diatomaceaa observed represent thirty-one genera, and amount 
to seventy species ; most of them are marine, the fresh- water species 
being few in number. The presence of these minute organisms, with 
their exquisitely sculptured siliceous investments, is a point of much 
interest in relation to the presence of certain forms of animal life. 
Dr. Dickie lias repeatedly received masses of such, resembling pieces 
of fat or of sodden broad, from ice-floes in various parts of the Arctic 
Sea ; and in the alimentary canal of bivalve Mollusca from the same 
quarter preserved in spirits, he has found abundance of marine 
diatoms. 

Where these occur (and thoy are generally plentiful) this implies 
the possible presence of animal life, the lower forms of which are 
preyed upon by the higher ; and thus we have a very notable and 
interesting chain of dependence. It is not, therefore, a matter for 
surprise that sixteen species of bivalves were collected beyond 80^^ N. 
by the naturalists of the Expedition. 

P. T. Cleve, in a communication to the Swedish Academy of 
Sciences in 1873, states that the entire number of diatoms found in 
the Arctic Sea is 181 ; the species already enumerated, excluding the 
twelve freshwater, amount to about one-third. From the same paper 
it would appear that those found near Spitzbergon are far moro 
numerous than those now recorded. 

Melicerta ringens. — Mr. F. A. Bed well has re-examioed the mastax 
with the ^ oil-inmiersion. His letter to the Secretary will be found 
with the * Proceedings,' p. 391. 

The ^ OU-ImmersUm Objective. — Professor Hamilton Smith con- 
tributes an article on the | to the ' American Quarterly Micro- 
scopical Journal.' He '' has no hesitation in saying, and all who have 
looked through it agree with him, that up to this time it is the best 
foreign-made objective he has seen ; " but, whilst *' begging not to be 
understood as depreciating it," he maintains, however, that a ^q and 

♦ * Bull, de la Soc. Bot. de Franco,' vol. xxiv. p. 369. 
t ' American Qaar. Mic. Journal/ vol. i. p. 28. 
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^ of Spencer (used with glyoerme for very oblique, and with water 
for axial illumination) " were manifestly superior, not only showing 
the markings of AmphipUura peUucida blacker and finer, but standing 
better the test of deepest eye-pieces without flinching." 

Botrydium granvJatum. — The Botrydium granulcUum^ which inhabits 
the clayey mud on the borders of ponds, is composed of an aerial 
part, globular, green, and the size of a pin's head, and of a subterra- 
nean rhizoid part, which is only an attenuated prolongation, ramified 
by dichotomy of the globular aerial cell. This latter alone contains 
chlorophyll. Transferred to a drop of water, it gives birth to 
numerous asexual zoospores, furnished at their extremity with a 
single yibratile cilium, and capable of immediate germination. 

But, on the contrary, when the atmosphere is dry, this sporangium 
shrivels up and empties itself; its protoplasm passes into the root-like 
apparatus, where it collects into little masses, each of which is sur- 
rounded by a membrane, and it is then in these cells of accidental 
formation (subterranean zoosporangia) that the zoospores are formed. 
In other cases, there appears on a point of the root-like system a 
vesicle which rises above the surface of the ground, and which is 
capable of living all the year, and even of undergoing a period of 
desiccation, before producing these zoospores. This vesicle (hypno- 
sporangium) is rounded ; it is this to which has been given the name 
of Botrydium Wallrothii. 

Under other influences, and chiefly under that of direct exposure 
to the sun, the contents of the aerial organ of Botrydtum may break 
up into a certain number of cells, furnished with membranes,* whose 
colour, green at first, may be tiunsformed later on into a fine red. 
These cells, when liberated, give birth to numerous biciliated zoo- 
spores ; these last can reproduce the individual only after a copulation 
similar to that which M. Pringsheim has described in the Pandorina 
Morum, and after being fused in pairs into isosporee.t 

The lAfe-Eistory of Filaria Bancrofti. — Dr. T. Spencer Cobbold, 
F.R.8., devotes a paper to this organism, which he terms '' one of the 
most remarkable parasites that has ever engaged the attention of 
helminthologists." The paper firsts shows the steps by which we 
have acquired our present knowledge, through the discoveries of 
Wucherer, Lewis, Bancroft, Manson, Sonsino, die author, and others. 
What that knowledge actually expresses when summarized in the 
lowest possible number of convenient terms is stated in the foLowing 
six " propositions ** : — 

1. Filaria Bancrofti is the sexually mature state of certain micro- 
scopic worms hitherto obtained either directly or indirectly from human 
blood. 

2. The minute haBmatozoa in question, hitherto described as 
Wucherer's FiiaricB, Filaria sanguinis hominis, Trichina cystica, Filaria 

* These are the cells which have been described under the name of Protococcus 
ooccoma, F. paltutris, P. botrydioides. 

t Review of MM. Boetafinsky and Woronin's paper (published in Leipzig), 
' Bull, de la Soc. Botanique de France,* vol. xxv. p. 14. 
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dermcUhemica, and so forth, are frequently associated with the presence 
of certain more or less well-marked diseases of warm climates. 

8. The diseases referred to include chyluria, intertropical endemic 
haBmaturia, varix elephantiasis, lymph-scrotnm, and lymphoid affections 
generally, a growth called HelmitUhoma dastica, a cutaneous disorder 
called craw craw, and also not improbably leprosy itself. 

4. It is extremely probable that a large proportion, or at least 
that certain varieties of these affections are due to morbid changes 
exclusively resulting from the presence of Filaria Bancrofti or its 
progeny within the human body. 

5. It is certain that the microscopic hsBmatozoa may be readily 
transferred to the stomach of the blood-sucking insects, and it has 
been further demonstrated that the digestive organs of the mosquito 
form a suitable territory for the further growth and metamorphosis of 
the larval Filarice. 

6. The character of the changes undergone by the microscopic 
Filarice and the ultimate form assumed by the larvsB whilst still within 
the body of the intermediate host (Culex mosquito), are amply 
sufficient to establish the genetic relationship as between the embryonal 
Filaria sanguinis hominisy the stomachal Filarice of the mosquito, and 
the sexually mature Filaria Bancrofti" 

Dealing with the practical consequences which may be expected to 
flow ^m a fuller recognition of the importance of this Filaria, the 
author points out that a consideration of the highest value in relation 
to epidemiology generally, and more especially in regard to the practical 
question as to the best methods of stamping out parasitic plagues, is 
that which refers to the life-history of the entozoon itself. It must 
be obvious that in all cases where the intermediate host can bo 
captured and destroyed, the life cycle of the parasite can be broken or 
interrupted ; and if thus broken there is an end to the further propa- 
gation of the species. The knowledge that we have acquired by 
experimental research in this direction has already enabled us to set 
a limit upon the prevalence of certain well-known disorders, such as 
trichinosis, cestode tuberculosis, and so forth. In the case of 
epizootics, however, which are not merely dependent upon minute 
entozoa, but which are also, in the way that we have seen, indirectly 
due to the action of intermediary hosts that cannot be readily 
captured or destroyed, our power of arresting the disease is compara- 
tively limited. In the case of Filaria Bancrofti it is probably not 
necessary either that a dead or living mosquito should be swallowed 
to ensure infection ; but it is necessary that the parasitic larvsB should 
have dwelt within the mosquito in order to arrive at the highest stage 
of larval growth prior to their re-entrance within the human territory. 
Undoubtedly the larvsB of Filaria Bancrofti are swallowed with potable 
waters. The perfect filtration of these waters before use would 
certainly che. k, and in course of time would probably cause the total 
extinction of several of the many virulent diseases that now afflict the 
inhabitants of warm climates.* 

* ' Journal of the Linnean Society ' (Zool.)i vol. xiv. p. 356. 
VOL. I. 2d 
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Oleomargarine. — A controversy has been recently raging at New 
York in regard to the qualities of this substance, between Mr. John 
Michels and some correspondents of the ' New York Times.' In an 
article in the ' American Journal of Microscopy/ for October, Mr. 
Michels writes : — 

'* Having observed paragraphs in various medical and scientific 
journals, stating that oleomargarine could not be distinguished by the 
microscope from butter, and suggesting various chemical methods to 
meet the difficulty, I was prompted to purchase samples of these sub- 
stances, and make a careful microscopical examination of them. 

The result of my examination was very decisive, and just what I 
expected ; namely, that the oleomargarine was loaded with free stellate 
or feathery crystab, and that the butter presented the uniform appear- 
ance of fat-globules so often described in handbooks, and perfectly 
free from any crystalline forms except those of chloride of sodium or 
common salt. 

I examined a large number of samples under different tempera- 
tures, and under a variety of conditions, but the results here shown * 
are from two samples examined just as they were purchased, pressed 
out to a fine film in the usual manner, under a thin cover, and 
examined with a four-tenth objective by Beck. 

During some months I always found the same results, but dis- 
covered that by a trick and by manipulating the samples, the butter 
could be made to show a field full of crystals, and the oleomargarine 
free from them ; but examine true samples of either in their normal 
condition, and the results I have shown will always be observed. 

As I have stated, my examination of oleomargarine extended over 
some months, during which period I invariably found that each 
sample contained cells of a very suspicious character, with fragments 
of tissue and muscle. This led me to investigate the process of 
manufacture, and I then found that during the whole process from 
first to last, the animal fat, &c., of which this substance is made, is 
never subjected to a higher temperature than 120° F. 

It at once occurred to me, that taking into account the well- 
known thermal death-point of certain organisms frequently found in 
animals, which, although diseased, are regarded by dealers as fit for 
food, such a temperature of 120 ° F. was totally insufficient to destroy 
the germs of* even the adult individuals of such forms of life. 

Again, the original French patent states that the stomachs of two 
pigs or sheep should be chopped up with a certain amount of fat, on 
account of the pepsine there contained, and I found that this practice 
was in use in the New York oleomargarine manufactories. For these 
reasons I conclude that oleomargarine thus manufactured is not a safe 
or wholesome article of food, and I assert that, however disguised it 
may be in appearance, oleomargarine as offered for sale, is nothing 
but raw fat, liquefied, scented, coloured and flavoured to give it a 
spurious appearance of butter, and that those who use it run the risk 
of trichinsB, from the stomachs of pigs chopped up with the fat, and 

* T.WO woodcuts— one showing the usual appearance of fat-globulos, the 
other stellate or feathery crystals. 
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that infection from certain contagious diseases, which are common to 
man and the domestic animals, might follow." 

The opposition which these views encountered is then referred to, 
particularly that of Professor J. W. S. Arnold, of the University of 
New York, who stated that he had examined with the microscope the 
two suhstances, and found their '' optical appearance alike/' which is 
accounted for, according to Mr. Michels, hy the Professor having 
allowed the oleomargarine manufactory to prepare the specimen 
examined. 

A letter from the Bev. W. H. Dallinger as to a temperature of 
120° F. not heing permanently injurious even to adult forms of putre- 
factive organisms is given, and Mr. Michels concludes by referring to 
" the following independent confirmation, which was published in the 
' Scientific American,' giving the result of the appearance of butter and 
oleomargarine under the microscope, by Mr. Thomas Ta^^lor, Micro- 
scopist of the Department of Agriculture at Washington. 

Mr. Taylor reports that when pure dairy butter is viewed under 
the microscope, the forms consist of oil-globules, and the crystals of 
common salt ; when a specimen of oleomargarine was examined in the 
same manner, the field was speckled over with shiny particles, and it 
was demonstrated that these glistening particles were crystals of fat. 
In using a power of 250 diameters, animal tissue is seen more or less 
all over the field. One specimen of oleomargarine was highly charged 
with animal tissue and crystals of urate of magnesia, showing the fat 
used in this case to have been impure, which would seem to prove that 
the assertions made by the oleomargarine manufacturers as to the 
perfect purity of the fats used by them, are not altogether correct. 

From this it would appear that oleomargarine may be easily known 
from butter by the aid of the microscope, and that any impurities in 
the fats of which it may be composed may be readily detected.'' 

Microscopical Slides of Lichens. — The intended issue is announced 
(by Messrs. Joshua and Holmes) of a series of microscopical slides, 
illustrating the principal families, genera and sub-genera of lichens, 
to be followed by a series of specimens of lichens of which no figures 
have been published. The specimens are to be as typical as can be 
procured, and will consist of sections of the apothecia, showing all the 
various parts. 

Limits of Microscopic Vision. — Extracts from a letter from Professor 
Stokes, Sec. B.S., as to Fraunhofer's formula, and one from Mr. J. 
May all, jim., will be found with the discussion on Dr. Pigott's paper, 
in the ' Proceedings,' at p. 389. 

Pygidium of Insects. — The discussion at the November meeting 
on this subject will also be found in the ' Proceedings,' at p. 390. 

Rapkidiophrys pallida. — A note by Professor E. Bay Lankester 
on this Bhizopod (new to this country) will be found at p. 393. 
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How Thistles spin. By Professor W. J. Beal. (With 7 woodcuts.) 
Microscopy. — National Microscopical Congress. — Microscopical Directory. — 
Exchanges. 

JouBNAL DB MiOBOGBAPHiB for November : — 

Micrography at the Exhibition of 1878. By Dr. J. Pelletan. 

Universal Exhibition of Paris. List of the Rewards. Class 15, Instruments 
of Precision. 

The Lymphatic Hearts (continmtion). By Professor L. Ranvier. 

Angular Aperture of Microscopic Objectives. By Dr. G. E. Blackham, 
President of tiie Microscopicul Society of Dunkirk, U.S. (With u plate.) 

On Foreign Microscopes (^cotitnuaiiony By Dr. J. Pelletan. (With 2 
woodcuts.) 

Objectives with new Cover Adjustment (a liqnide interpose). 

The New ^ * Oil of Cedar * Immersion Objective of Carl Zeiss. (From the 

* Bulletin of the Belgian Society of Microscopy.') 

The Cabinet of Microscopy of Mr. E. Wheeler. 

Annalbs DE8 SoiENOES Natubbllbs (Zoolooie), Sixth Series, 
Vol. VII., Nos. 2-4 (issued in August) : — 

Description of rare or new Crustacea of the French Coast. By M. Hesse. 
(With a plate.) 

Experiments on the Conditions of Development of the Ligti(t, (Abstracted 
from * Comptes Bendus.*) By M. Duchamp. 

(BoTANiQUB.) Sixth Series. Vol. VI., Nos. 5 & 6 (issued in 
October) : — 

Development of the Embryo-sac of the Angiospermous Phanerogams. By M. 
Jalien Vesqne. (With 6 plates.) 

CoHPTRS BbKous Hebdomadaires des Seances de TAcademie des 
Sciences, Vol. LXXXVI., No. 1 (7th January) :— ' 

Researches on the Intracellular Alcoholic Fermentation of Plants. By M. A. 
Muntz. 

On the Inverfcion and on the Alcoholic Fermentation of Cane Sugar by 
Mouldiness. By M. U. Gay on. 

Some Remarks on the Origin of the Alcoholic Yeasts. By M. A. Treoul. 

Verbal Reply of M. Pasteur to M. Trecul. 

On the Formation of the Fibrin of Blood, studied with the Microscope. By 
M. G. Haycm. 

No. 2 (14th January) : — 
Note on M. Trdcul's Communication in the last Number. By M. Pasteur. 
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Ko. 4 (28th Janaary) :— 

Bepcni of the Commiarion on the Bordin Prize — ^M. Charles Eugene Ber- 
trand's Eaaajs: (1) Can the Gronp of the LycopodiaoesB be regarded as a transi- 
tion Group between the Dicotyledonons Gymnoepermons Phanerogams and the 
Yafecnlar Cryptogams? and (2) Comparative Anatomy of the Integnments of 
Seed. 

Beport of the Commission on the Thore Prize — M. Jousset de Bellesme's 
Essay on the Phenomena of Digestion iu Insects. 

No. 5 (4th Febmary) :— 

On the Employment of the Polarizing Microscope with Parallel Light for 
the Determination of the Species of Minerals contained in thin Plates of emptiTO 
Bocks. By M. A. Michel-L^yy. 

New Researches on the Fnnction of Moulds, and their property of inverting 
Cane Sugar, with reference to a Note of M. U. Gayon. By M. A. B^champ. 

No. 7 (18th February) : — 

Refutation of the Criticisms that M. Pasteur has made on my opinion as to 
the Origin of Alcoholic Yeasts and Lactic Yeast. By M. A. Tr^ul. 

On the Conditions of Development of the Ligula. By M. G. Dochamp. 

No. 8 (25th February) :— 

The Action of Oxygen on the Anatomical Elements. By M. P. Bert. 
The Lactic Fermentation of Sugar of Milk. By M. Ch. Richet. 
Classification of the Cestoi'des. By M. £dm. Perrier. 

No. 9 (4th March) :— 

On Lactic Fermentation. By M. L. Boutroux. 

Researches on the Chemical Composition and the Functions of the Leaves of 
Plants. By M. B. Corenwinder. 

No. 10 (11th March) :— 

The Influence of the Dieooveries of M. Pasteur on the Progress of Surgery. 
By M. C. S^illot. 

Remarks relative to tlie preceding Communication. By M. d'Abbadie. 

The precise Orientation of the principal Section of the Nicols in Polarizing 
Apparatus. By M. L. Laurent. 

Classification of Stellerides. By M. C. Yiguier. 

No. 11 (18th March):— 

The Influence of Rest and of Movement in the Phenomena of Life. By M. A. 
Uorvath. 

Researches on the Suspension of the Phenomena of Life in the Embryo of the 
Hen. By M. C. Dareste. 

Proofs of the Parasitic Nature of Anthrax. Identity of Lesions in the Rabbit, 
the Guinea Pig, and the Sheep. By M. H. Toussaint. 

No. 12 (25th March) :— 

On a Camera Lucida. By M. Pellerin. 

The Formation of Partitions in the Stylospores of the HendenonuE and Pesta- 
hzjtuB. By M. L. Cri^. 

No. 13 (l8t April) :— 

The Conidia of Poiyponiu sulfureus. Bull, and their Development. By M. J. 
de Seynes. 

Antlirax in the Horse and the Dog. PI ilogogenic Action of Anthracic Blood. 
By M. H. Tonssaint. 

The Epoch of Formation of the Cloaca iu the Embryo of the Chicken. 
By M. Cadial. 
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No. 16 (15tli April) :— 

On a Rare Form of the Hepatic Organ in Worms. B^ M. Joannes Cliaiiu. 
Theory of the Action of Bckcteiia in Anthrax. By M. Toussaint. 

No. 17 (29tli April) :— 

The Theory of Germs, and its Applications to Me^Iioine tind Surgery. By AIM. 
Pasteur, Joubert, and Chamberland. 

No. 18 (6th May) :— 

On the Gold Method and the Termination of the Nerves in the Unstriated 
Muscles. By M. L. Ranvier. 

On the Wartelia, n new Genus of Annelids, wrongly considered the Embryo of 
Terebeila, By M. A. Giard. 

No. 20 {20th May) :— 

On the Distinction between the Luminous and Chromatic Sensations. By M. 
Aug. Gharpentier. 

On the Terminations of the Nerves in the Sudoriparous Glands of the Paw of 
the Cat. By M. P. Coyne. 

No. 21 (27th May) :— 

On the Origin of the Ezcito-sudoral Nerve-flbres contuined in the Sciatic 
Nerve of the OeX. By M. Vulpian. 

On the Production of the Luminous Sensation. By M. Aug. Charpentier. 

No. 22 (3rd June) :— 
On the Structure of the Nerves in Invertebrates. By M. Cudiat. 

No. 23 (10th June) :— 

On the Origin of the Excito-sudoral Nerve-fibres of the anterior Limbs of 
the Cat By M. A. Vulpian. 

Experiment demonstrating that the Nerve-fibres whose excitation causes the 
dilatation of the Pupil do not all proceed from the Cervical Cord of the great 
Sympathetic. By M. A. Vulpian. 

Anatomical Observations on certain Cutaneous Excretory Glands in the Flu- 
viatilo Tortoises of China. By M. Rathouis. 

Experimental Proofs of the incomplete crossing of the Nerve-fibres in tlio 
Chiasma of the O^tic Nerves— Longitudinal and Median Section of the Cliiasmu 
not followed by Blindness. By M. Nicati. 

No. 24 (17th June) :— 

On the GemmiparouB and Fis«ipaious Reproduction of Nuotiluo«9 {Noctiivca 
tnitMris, Suriray). 

The Functions of the Leaves in the Phenomenon of Gaseons Exchan&^es be- 
tween Plants and the Atmosphere — The Role of the Stomata in the Functions 
of the Leaves. By M. Mercet. 

No. 25 (24th June):— 

Organisms held in suspension in the Atmosphere. By M. P. Miguel. 
On some Terricolous Rhizopods. By M. A. Schneider. 

Vol. LXXXVIL, No. 1 (let July) :— . 
On Anaerobiosia of Miczo-Organiams. By M. Gunning. 

No. 2 (8th July) :— 

On a Disease of au Anthracio Form, caused by a new Aerobic Viltrion. By 
M. H. Toussaint 

On the Propagation and Metamorphoses of the Suctorial Ciiistacea of the 
Family Ct/nto hoacke. By M. Schiodte. 
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Observations and Il^xpeiiments on tlie Mii^rationa of FUaria rhytipieurites, a 
Parasite of Cockroaches and Rats. By M. 0;>man Galet. 

On tlie Developineiit of the Cephalo-thoracic portion of the Embryo of Verte- 
brates. By M. Cadiat. 

No, 3 (15th July):— 

On the Spermatozoids of the Cestoidea. By M B. Moniez. 
The Septic ity of Putrefied Blood is lost by a yery long contact with Oxygen 
compressed at high tension. By M. V. Feltz. 

The Structure of the Stem of Sigillaria. By M. Renault. 

No. 4 (22nd July) :— 

On the Theory of Fermentation. By M. Pasteur. 

Reply to the Communication of M. Pasteur. By M. Bertbelot. 

Disease of Black Spots of the Maple {Rhytisma acerinurn). By M. Max Oomu. 

On the Structure of the Sieve-like Tubes. By M. £d. de Janczewski. 

No. 5 (29th July) :— 

New Communication on the subject of the Notes on Alcoholic Fermentation, 
found among the Papers of CI. Bernard. By M. L. Pasteur. 

Observations of M. Berthelot consequent on the Oommuuication of M. Pasteur. 

No. 6 (5th August) :— 

No Mycelium intervenes in the Formation and in the Normal Testructiun of 
the Swellings developed under the Influence of the Phylloxera. By M. Max 
Comu. 

On Proaopistotna punctifronSf Latr. By MM. £. July and A. Vayzziere. 

No. 7 (12th August) :— 

On the Functions of Leaves. Function of the Stomata in the Exhalation and 
Inhalation of Aqueous Vapours by Leaves. By M. Merget. 

On Parasitic Isopods of the Gtonus Entoniscus, By MT Alf. Giard. 

Importance of the Vegetable Cell-walls in the Phenomena of Nutrition. By 
M. Max Cornu. 

No. 8 (19th August) :— 

Experimental Researches on the Nervous Sudoral Fibres of the Cat. By M. 
A. Vulpian. 

Researches on the Nutrition of Insects. By M. L. Joalin. 

No. 9 (26th August) :— 

Comparison between the Salivary and Sudoriparous Glands, relatively to the 
way in which they are affected by Section of their Excito-secretory Nerves. By 
M. Vulpian. • 

No. 10 (2nd September) :— 

The Causes of the Buzzing of Insects. By M. J. Perez. 
The Application of Borax to Researches in Vegetable Physiology. By M. 
Schnetzler. 

No. 11 (9th September) :— 

The Oviposition of the Queen-Bee, and the Theory of DzienK>D. By M. J. 
Perez. 

The Reproduction of the Hydra, By M. Korotneff. 

No. 12 (16th September) :— 

New Researches on the Physiology of the Vcaicular Epithelium. By MM. P. 
Cazeneuye and Ch. Livou. 
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No. 13 (23rd September) :— 
On the Development of Oiiilostoman Bryozoa. By M. J. Barrou. 

No. 15 (7th October) :— 

Note on a Memoir addressed to the Academy by M. J. Perez on the Buzzing 
of Inuects. By M. Joufiset de Belleame. 

On Trichodonopsis paradoxa (Clap.). By M. A. Schneider. 

No. 16 (14th October) :— 

On a new Micrometer, intended especially for Meteorological Besearohes. By 
M. G. Govi. 

Bulletin db la Sooi£:te Belge db Micsosoopie, Vol. lY., 
No. 12 :— 

Proceedings of the Meeting of 26th September, 1878. 

The Muli»:nant Tumours of the First and Second Childhood. By Dr. Lede- 
ganck. (With 2 plates.) 

Analytical and Critical Hericw — of M. A. Benard's paper on *' the Diabase of 
ChalleB near Stavelot,' in No. 8 of the * Bulletin de TAcademio Boyale des 
Sciences, Lettres et Beaux- Arts de Belgique/ and of No. 8 of the *Zeitschrift fiir 
Mikroskopie.' 

Procecdintja of the Annual General Meeting of 13th October, 1878, including 
the Report of tlie Council. 

General Liat of the Members of the Society. 

Academies, Societies, and Institutions with which the Society exchanges 
publications. 

Vol. v., No. 1. 

Proceedings of the Meeting of 31st October, 1878. 

Report by M. Delogne on Dr. Matteo Lanzi's book ' The Thallus of the 
Diatomaceffi.' 

Analytical and Critical Revievj of M. Thoulefs paper on a " Process for measur- 
ing the solid angles of Microscopic Crystals," in the * Bulletin, de la Soci^te 
Mineralogique de France,' 1878, No. 4, and of No. 9 of the * Zeitsohrift fur 
Mikroskopie.' 

Zeitsohbipt fub Mikroskopie, Vol. I., Part 9 (October) : — 

The Development and Present Position of Microscopy in Germany {con- 
clusion). By Dr. Kaiser. 

On the Preparation and Preservation of Microscopic Aquatic Animals. 

Foreign Microscopes (coniin'mtiony By Dr. J. Pelletan. (From * Journal de 
Micrograpiiie.') 

A new Measurer for Covering-glass. 

On Washing and Cleaning Diatom-materiul. By C. Janisoh. 

Minor Communications. — Pieservation of Planaria. (From * ZooL Anzeigor.*) 

Literature. 

Zeitsohbift fub Wisbeksohaftliohs Zoologib, Vol. XXXI.y 
Farts 8 and 4 (issued lltb Noyember) : — 

Contributions to the Anatomy of the Ophiurss. By H. Lndwig. (With 

4 plates and a woodcut.) 

On the Genital Organs of Asterina gxbbosa. By H. Ludwig. (With a plate.) 
Contributions to Uie Anatomy of Magelona. By W. C. Mcintosh. (With 

10 plates.) 

On some Cases of Parasitism in Infusoria. By I. van Bees. (With a plate.) 
The Development History of the Pond and River Mussel. By C. Schierholz. 



( 388 ) 



PROCEEDINGS OF THE SOCIETY. 



Mbbtinq of 13th November, 1878, at King's College, Strand, W.C 
The President (H. J. Slack, Esq.) in the ohair. 

The Minutes of the meeting of 9th Octoher were read and con- 
firmed, and were signed by the President. 



The following List of the Donations since the last meeting was 
submitted, and the thanks of the Society given to the donors. 

From 
Annales des ScienoeB Natnrelles (Zoologie). 14 vols. (1870 to 

1877) Mr. Frank Crtip. 

„ „ „ (Botanlqje). 13 vols. (1869 to 1877). Ditto, 

Henry, Jamee. — .^eidea; orOritical, £xegetical, and .^thetical 

Remarks on the iEncis. 4 pnrts. 1873--8 Author. 

Papers of the Eastbourne Natural History Society, 1877 and 1878 Society. 

Wallicb, Burgeon-Major G. C. — On the Radiolaria as an Order of the 

Protozoa. (From ^ Popular Science Review ') Author. 

ZeitBohrift fur wisaenachaftliche Zoologie. 10 vols. (1869 to 1877). Mr. Fi-ank Crisp. 

A special vote of thanks was on the suggestion of the President 
given to Mr. Crisp for his valuable donations. 

Dr. 0. W. Boyston-Pigott, M.A«, F.E.S., explained the leading 
points of a paper which he had sent to the Society, " On a further 
Inquiry into the Limits of Microscopic Vision, and the delusive 
Application of Fraunhofer's Optical Law of Vision." The subject 
was illustrated by numerous diagrams. (The paper will be printed 
in the next number of the Journal.) 

The President read a paper by himself, *' On the Visibility and 
Optical Aspects of ELairs viewed from a Distance." (The paper will 
be found at p. 318.) 

Mr. Charles Brooke, in reply to a question from the President, 
said that he thought the hair itself was not actually seen. On 
the occasion when being illuminated by the sun-light a bright line 
was perceived at the great distance of 173 feet, he considered that the 
perception of it was due to an optical effect similar to that produced by 
the heating of a platinum wire by a current of electricity, when the wire 
apparently increased in thickness the hotter and brighter it became. 

Mr. Henry Davis said that the phenomenon was well known to 
astronomical observers under the name of irradiation, and it applied 
generally to all bright objects. 

Mr. Stewart inquired whether in the course of these experiments 
there was anything like '* expectant atteution " on the part of the 
persons concerned in them ? Did they not know what they were to 
look for and exactly how they ought to see it, or were tlie hairs placed 
in i>ositions vertically or otherwise without the persons knowin(? which 
way they were placed, so as to test whether they really did see them ? 
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The President said there was no attempt made to try the extreme 
distance at which the hairs could be seen, all the persons were re- 
quired to do was to state a distance at which they could be distinctly 
seen. In one case the person did not know the position of the hairs ; 
it was one of his men who had just come up from the village and did 
not know what they were about. In anotiier case a person saw the 
horizontal hair, but failed to see the vertical one ; and there was no 
endeavour made to ascertain who could see the objects at the greatest 
distance. One suggestion bearing upon the subject he thought might 
be a point for consideration, and that was that seeing the image of an 
object of 1 millionth of an inch in diameter might not be the same as 
seeing an object of that diameter. He had hoped to have seen Professor 
8tokes this evening, but he was engaged at Cambridge. 

Mr. Crisp said that as Professor Stokes had been referred to, it 
might not be without interest to read an extract from a letter refer- 
ring to the subject, addressed by that gentleman to Mr. Mayall some 
time since : — 

" As to Fraunhofer's formula, it is that which applies to the diffrac- 
tion spectra formed by fine equidistant lines, and to that alone. The 
whole of the circumstances are so different from those, of the illumi- 
nation and viewing of microscopic objects, that we have no right, I think, 
to draw any conclusion against the visibility of very fine objects, even 
though they be Nobert's lines, and therefore of the same nature as the 
object to which Fraunhofer's formula refers. In the Fraunhofer spectra 
the object is illuminated by nearly parallel rays, and the instrument 
is focussed /or the distant slit, and the angular aperture is some 3^ or 
4° or less. When Nobert's lines are used as a test, the object is iUu- 
minated by strongly condensed light, the instrument is focussed for 
the linfis ihenudvea, and the angular aperture of the microscope 
objective is very much greater." 

He also read the following note from Mr. Mayall, which accom- 
panied it : — 

** In Arago's ' Astronomy ' there are some curious remarks made oil 
Photometry, which I think bear strongly on the question of the limit 
of visibility. Briefly this is the result at which Arago arrived : — 
If two adjacent points on a surface be unequally illuminated, the eye 
is capable of perceiving the difference when it is greater than ^; a 
less difference than -^j^ (or thereabouts^ cannot be seen by the eye, 
and the two points will appear equally illuminated, and therefore not 
discernible as separated. 

" Applying this experiment to the microscope : suppose we have an 
anatomical preparation, unequally transparent, so that the most trans- 
parent part allows 61 rays to pass through, whereas the adjacent part 
allows only 60 rays to pass through; the eye still perceives the 
difference between them. But this is the limit (or thereabouts), 
otherwise the eye sees only a uniform surface. 

*' This difference pf -^ that follows from Arago's experiments as the 
limit of perception by the eye, is not an absolute quantity, but will 
depend somewhat on the sensitiveness in individual eyes. 

" Again, too, it will depend on the intensity of the light in which 



390 PBOCEEDINOS OF THB SOCIETY. 

the obseryation is made. There is necessarily a particular intensity 
the most fftvourable to enable ns to distinguish these small differeaces. 

'* If we look at the sun with the naked eye, we do not see the spots, 
although from their size they should be seen. If we take a smoked 
glass we see them at once. With too dark a glass they disappear, 
although we may still see the disk of the sun. This phenomenon 
takes place with the microscope when the illumination is too brilliant 
or not sufficiently so." 

The President said that Dr. Pigott, after the meeting, would 
exhibit his apparatus to the Fellows. 

Mr. F. H. Wenham read a paper " On the Measurement of the 
Angle of Aperture of Objectives/' illustrating the subject by a dia- 
gram, enlarged upon the black-board by Mr. Stewart. Mr. Wenham 
also said that Mr. H. Davis, who was present, had seen the operation 
of measurement, and would vouch for the fact that it was a very 
simple affair. (Mr. Wenham's paper will be found at p. 821.) 

Mr. Henry Davis gave some extracts from a paper he was aboat 
to present *' On the Pygidium of Insects," illustrating his observations 
by drawings on the black-board. (The paper will be printed in the 
next number of the Journal.) 

Mr. Charles Stewart thought that the term pygidium was merely 
the name given to a particular tergal plate of the posterior part of the 
abdomen, upon which, in the case of the flea, these curious hairs were 
found. He believed that somewhat similar hairs had been described 
by Dr. Braxted Hicks and others, as occurring on other parts of the 
bodies of insects. He only wished to ask, as a matter of information, 
whether the term was applied to the hairs, or whether it belonged to 
the particular part upon which they were ordinarily found ? The 
circi, as these things had been called to which Mr. Davis drew 
attention, were really a pair of upstanding bodies, and were each 
divided into twelve little pieces ; they were not at all unlike posterior 
antennas, and he thought they would hardly come within the descrip- 
tion of pygidia, although they might bear similar hairs, and perform 
a like function. 

Mr. Davis said that the term had always been applied to the organ 
itself in the case of the lace-wing fly, and therefore he had from 
its analogy applied it to the organs of other insects ; but if it was 
wrong to apply it to the fly, then it was wrong to apply it to the 
others. On the other hand, however, if this organ in the laoe-wing 
fly was a pygidium, then that of the locust was certainly a pygidium 
also. In some of the species of cockroach, the same thing was found 
starting from the same place, but only carried out a little longer. As 
regarded the cockroach (Blaita), it might at first be thought that the 
thing was not' the same, but he felt sure that if anyone went through 
them carefully and traced them out by their analogies, there would be 
no difficulty in showing that they were really the same. 

Mr. Stewart said that if he recollected rightly, at the posterior end of 
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the flea tiiere was a somewhat kidnej-shaped plate (drawn on the black- 
board) containing certain wheel-shaped markings, with a hair starting 
from each. The question was whether any part bearing similar hairs 
should also be called a pjgidium, or whether it should only be given 
to an homologous part. 

Mr. Davis did not think that he was bound to prove the identity 
of the thing as being a pygidium ; it was for others to do that. What 
he had endeavoured to do was to show that in all these insects there 
were similar organs, and that they served similar purposes. 

Mr. Beck did not quite understand the question in dispute; it 
seemed to him to be whether the term was rightly applied to the 
object or not, or whether it only applied to that portion of the *^ shell " 
which in the flea had a certain structure upon it. They all knew that 
certain portions of an insect had certain names given to them, and 
Mr. Stewart stated that there was a certain portion of the flea called 
the pygidium which happened to have upon it the very beautiful 
object which was ordinarily called by the same name by microscopists. 
The question was, were they right in calling this beautiful portion the 
pygidium ? If this was so, and it was a special organ, there might 
be a similar organ found in other insects. Mr. Davis had been 
endeavouring to trace a similar organ in others, and having found it 
there, he called it also a pygidium, whereas Mr. Stewart said the term 
applied to a position only. He thought the two things might very 
well be brought into harmony witfiout much difficulty. 

The President said that the term pygidium would really apply to 
the position of the part rather than to its special form or function. 
From its derivation the word would merely indicate something near 
the tail of the creature. 

Mr. Stewart said he had no doubt as to what was the pygidium of 
the flea ; what he had wanted to know was what Mr. Davis thought of 
the homology of the body which he had described. 

The President said that there might be two things which were 
morphologically different, but which performed the same functions. 



Mr. Crisp said that it would be remembered that they had 
recently had a paper by Mr. F. A. Bedwell, on the mastax of Melt- 
ceria ringens; since that paper appeared he had lent Mr. Bedwell 
the Zeiss oil-immersion (^), and he read extracts from a letter from 
Mr. Bedwell after having used the gl«ss : — " It is the most magical 
addition to the instrument, and I leel certain that it will revolu- 
tionize a vast mass of information ; many papers will have to be 
rewritten, amongst others my last on the mastax of Melicerta ringens. 
Wherever organic texture is concerned, this glass makes the in- 
visible visible. As an example, I send you two slides of mastax of 
M. ringensy and one of Botifer vulgarisy by Lord Sydney G. Osborne. If 
you look at them with an ordinary i, and then with the immersion, you 
will see that a part of the ramus in Melicerta which I have drawn in 
my picture as a plane sur&ce, is exquisitely furrowed, and comes out 
like a revelation ; while the teeth and notches in Botifer vulgaris appear 
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al once, and you may work for an hour with an ordinary ^ and noYer 
separate them. The slides will serve as well as anything to show the 
yalue of the glass.*' 

He also read extracts from a letter received from Dr. Fripp, 
of Bristol, in regard to Mr. Dallinger's paper on the measurement of 
the diameter of the flagella of Bacterium termo, (The letter will be 
found on p. 837.) 

Kr. Stewart exhibited and described with drawings on the black- 
board a slide of Onchopora hir8uta which Mr. Weightman, of Liveqpool, 
had sent to the Society. 



Mr. Crisp exhibited (1) Zentmayer's ^< Centennial " microscope, 
which had obtained a medal at the Paris Exhibition. The stand is 
provided with three different stages ; a mechanical one with the usual 
movements, a large circular one with concentric rotatory motion, 
and a small concentric rotating ''diatom-stage" bevelled out on its 
under surface, so as to allow of extremely oblique illumination, or, if 
still greater obliquity is desired, the stage can be reversed and the 
slide attached beneath, so that the utmost freedom is obtained for 
oblique illumination. The subnstage bar, carrying the mirror and 
condenser, is made to swing on a pinion adjusted so that the object 
itself forms the centre of rotation ; thus the sub-stage appliances 
can be used at any degree of obliquity beneath the object, or they 
may be swung above the stage for illuminating opaque objects. 
(2) Photograph of the Tolles-Blackham microscope (lent by Mr. 
Mayall), showing the circular disk that had been devisea to obtain a 
swinging motion to the sub-stage without infringing Mr. Zentmayer's 
patent (3) Photograph by Ool. Woodward of Amphipleura pellucida 
in balsam, by Tolles' ^ immersion (glycerine) objective. 



The following gentlemen were elected Fellows of the Society: — 
Captain Peter G. Cunliffe; M. Julien Deby, Vice-President of the 
Belgian Society of Microscopy ; Mr. John Morris, F.S.S., F.Z.8. 



SdSNTIFIO EVENINa. 

The first Scientific Evening of the Session was held in the 
Libraries of King's College on the evening of Wednesday, the 27th 
November, 1878. 

The following were the objects exhibited : — 

Mr. Beck: 

Artificial siliceous deposit with markings resembling those on 

Pleurosigma angulatum. 
A new crystal — quinate of quinine — ^polarized. 
Mr. Crorham's complementary colour disks. 
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Mr. C. Baker : 

Double-stained vegetable tissues. 
Zeiss's oil-immersion ^. 
Micro-photograph, referred to at p. 300. 

Mr. Thos. Bolton : 

Ophrydium longipes^ CephoHosiphon^ Stephanosceros, and other 
Botifers. 

Baphidiophrya pallida — a Bhizopod new to this country. 

Of this genus, Professor E. Bay Lankester writes : — " It was 
founded by Mr. Archer, of Dublin, who described a fine green 
specimen in the * Q, J. Mic. So.,' 1869 (plate xvi.). It is charac- 
terized by having a single excentric nucleus, surrounded by 
dense protoplasm in which are three or four contractile 
vacuoles ; outside this is a gelatinous inyestmont, and in this are 
imbedded slightly curved siliceous spicules in masses. Delicate 
filamentous pseudopodia radiate through the gelatinous coat, 
and as in ActinosphsBrium sendfihrom continuations to a central 
point in the protoplasm. 

This species is colourless, Archer's species is green. I have 
seen all these points of structure to-day by treating the speci- 
men on the slide of the microscope under cover-glass, first 
with osmic acid, then with picro-carmine, and then alternately 
with glycerine and water. The glycerine prevents the spicules 
being seen, being of the same refractive index, but renders the 
protoplasm clearer. The nucleus is only seen well after 
staining. • The form is highly interesting, and one I was very 
glad to see." 

Mr. Frank Crisp : 

Zentmayer's donble-stained and other preparations from the Paris 
Exhibition, with Zentmayer's ^ Centennial " stand and diatom 
stage. 
Professor S. P. Thompson's Strobio Circles. 

Mr. Thos. Curties : 

Sections of stipes of ferns by M. Eruitcheruit, of New Orleans. 

Mr. W. G. Cocks : 

A singular caterpillar found on the Eucalyptus in Adelaide. 

Mr. H. Crouch : 

New ^in. objective for dissecting microscope. 

New microscope for students' use. 

Spencer and Sons (New York) ^ and ^ dry and immersion 

objectives, ^-in. dry ditto, for whidi the gold medal was awarded 

at the late Paris Exhibition. 
Mr. Bolton's new microscope revolving tables (2). 

Mr. Enock : 

Various tongues of Hymenoptera, prepared without pressure. 

Dr. Edmunds : 

The four-faced immersion prism (with faces inclined at 60°, 49°, 

41°, and 30°), referred to at p. 309. 
VOL. I. 2 E 
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Mr. F. Fitch : 

Balanua halanoidea. 

Chyle, stomach, and appendages of drone-fly. 

Teeth of blow-fly shown in relief. 

Mr. 0. J. Fox : 

Polariscope for convergent light, with mica and selenite com- 
binations. 

Rev. T. W. Freckelton : 

Macrospores and microspores from coal, compared with spores of 
SelagineUa selaginoides. 

Mr. H. E. Freeman : 

Eggs of Gasterophilus equi from body of female, showing proyision 
for attachment to hairs of the horse. 

Dr. W. J. Gray : 

Butilaria epsUan and other rare diatoms. 

Messrs. J. How and Company : 

Fossil wood with insect borings and excreta, &c. 
A new microscope lamp. 

Mr. J. Mayall, jun. : 

Some special slides of Amphipleura pelliicida. 

Dr. Millar: 

A new camera Incida, designed by Dr. Rnssell, of Lancaster. 

Dr. Matthews : 

Triceratium famu^ arranged to show images of a black cross. 
Stylaster sanguineus, 

Mr. A. D. Michael : 

The newly discovered male of Cheyletus venusttsstTnus (see p. 313). 

Professor Owen, C.B. : 

Sections of '* Granicones," described at p. 233. 

Mr. F. Oxley : 

The so-called '* Pygidia " of grasshoppers, crickets, &c. 

Mr. Thos. Palmer : 

Sections of batcher's broom, common cane, &o. 

Mr. B. A. Priest : 

Portion of the bag of a starfish from China. 

Mr. W. W. Reeves : 

Section througli the cone (^Lepidostrchus) of Lepidodendrony with 
spores in situ^ from Lancashire coal-measnres. 

Mr. C. Stewart : 

Section through the growing point of Anacharis ahituistrum. 

Mr. A. Topping : 

Various sections from the tail of a whale (stained). 

Mr. P. H. Ward : 

Sections (21) of various plants double stained by himndf. 
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, Immerdinn, on a "Simple De- 
vice ** for the Illumination of Balsam- 
mounted Objects for Examination 
with, 246. 

Microscope, Cover Adjustment 



for, 251. 
, Microscopic, on a Theoretical 

Limit to the Apertures of, 139. 
Object-glass, the new Oil-immersion, 

153. 
Oblique Light for Photo-micrography, 

213. 
(Ecistes piluUi, 343. 
Oil-immersion Object-glass, the new, 

153. 
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Oil-immersion Objective, tlie |, 375. 

, Zeiss's new ^y 370. 

Oleomargarine, 378. 

Onchopora hirsuta, 372. 

Operculatcd Infusorian from Kew Zea- 
land, on a new, 49. 

Optical ConstanU of , Glass, Influence 
of Temperature on, 283. 

Optic Roa iu the Grustaoca and Anne- 
lida, 284. 

Organisms suspended in the Atmo- 
sphere, 192. 

Orthonectida, on the, 23. 

Osborne, Lord 8. G. (hee liedwell, F. A., 

17»i). 
Osmic Acid, 264. 
Ostracode Crustacean of a new Genus 

(Acanthopus), 80. 
Owen, Professor, on the Fossils called 

" Granicones," being a Contribution 

to the Histolo^ry of the Exo-skeleton 

in " ReptiUa," 233. 

P. 

Paraboloids, Immerbion, 192. 

Parasite of Vaucheria, Notommata 
Wemeckil, 296. 

Parasites, Bacteria as, in Splenic 
Disease, 87. 

of the Spongida, 288. 

on a Diatom, 281. 

Particles, Microscopic, suspended in 
Liquids, the Movement of, 146, 272. 

Patent Microscope, the ^^Zentmayer" 
new, 197. 

Penetration, 86. 

Petit, M. P., on some new Genera and 
Species of Diatomacoss, 237. 

Photographing, Examining, and Pre- 
serving Bacteria, on, 195. 

Photographs, MicroBcope, the Projec- 
tion of, 294. 

Photo-micrography, Oblique Light for, 
213. 

Physiology of tlie Contractile Vacuoles 
of the Infusoria, 257. 

, Vegttable. Borax in, 299. 

Picro-aniline Solution, new Process of 
Ciilouring Microscopic Preparations 
with a, 82. 

Plannria, Preservation of. 256. 

P. angiilatum, Efl'ect produced on, by 
excluding the Central Dioptric Beam 
of Light, 186. 

Polarisoope for Convergent Light, the 
Ordinary Microscope as a, 207, 292. 

Polarizing Microscope in Mineralogy, 
the, 209. 

Polycystina and Foraminifera of the 
North Polar Expedition of 1875-76, 
194. 

Pdlyzoa, Hooked Spines on the Root- 
fibres of British, 200. 



Postal Box for Slides, a new, 201. 

Powers, High, the Binocular with, 221. 

Preparation and Staining of Bacteria, 
the, 268. 

^— of thin Sections of Objects of dif- 
ferent consistency, the, 274. 

Preparations of Infusoria, &c., 221. 

, Microscopic, new Process of 

Colouring, with a Picro-anilino So- 
lution, 82. 

Preservation of Planaria, 256. 

Preserving, Examining, and Photo- 
grapliing Bacteria, on, 195. 

the Rotatoria, Infusorii, &c., with 

their Organs extended, a Method of, 
189. 

President's Address, the, 1. 

Prism, Immersion, 309. 

Probosces, Perforating, of Moths, 307. 

Proceedings of the Society, 30, 33. 36, 
93, 95, 159, 162, 164, 307, 388, 392. 

Projectiun of Microscope Photographs, 
294. 

Protozoa, tlie Flagellnte, a new Field 
for tlie Microflcopist, 151. 

Puccinia, 26. 

Putrefaction, the Germ Hypotheais of« 
373. 

Putrefied Blood, the Septicity of, 279. 

Pygidium of Insects, 379. 

Q. 
Quekett Microscopical Club, 208. 

R. 

Radiolaria, the, 210. 

Radiolarians and Diatomuceae, on the 

supposed, of the Coal-measures, 255. 
Raphidiophiys pallida, 379. 
Refraction, Double, the Microscope 

applied to the Phenomena of, 27G. 
Report, Annual, of the Society, 39. 
Repose and Motion, the Influence of, in 

the Phenomena of Life, 345. 
Reproduction of Hydra, the, 267. 
y the Gemmiparous and Fissipar- 

ous, of the Noctiluca), 331. 
Reptile, Fossil (Megulobaurus Buck- 

landii). Bone of, 35. 
Reptilia, a Contribution to the Histo- 
logy of the Exo-skeleton in the, 233. 
Resolving Test Objects, Apparatus for, 

201. 
the Finest lined Balsamed DIa- 

tomaceous Tests, Metliod uf, 45. 
Revival and Desiccation, Diatom, 26. 
Revivification of Diatoms, the, 150, 311, 

374. 
Rhizopod, the Birth of a, 2ia 
Rhizopoda of the Salt Lake of SzamoB- 

falva, 148. 

, Terricolous. 202. 

Rliizopodd in an Apple-tree, 80. 
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Bhytisma aoerinum, Fangns of the 
Maple, 265. 

Rivet-Leiser Microtome, Improvement^ 

* in the, 145. 

Bod, Optic, in the Gnistacea and An- 
nelida, 284. 

Boot-fibres of British Polyzoa, Hooked 
Spines on the, 200. 

Botatoria, a new Organ (?) of the, 188. 

, lufusoria, &c., a Method of Pre- 
serving, with their Organs extended, 
189. 

Botifers (Melicerta ringens and Gono- 
chilus), further Notes on these, 176. 

Bover, a Microscopic Trap for a, 81. 

Boyal Microscopical Society of the 
Sandwich Islands, 152. 

Society, the Conversazione of the, 

148. 

S. 

Sandwich Islands, the Boyal Micro- 
scopical Society of, 152. 

Saprolegniete, Observations on, d49. 

Schmidt, Dr. H. D., the Structure of 
the Coloured Blood - corpuscles of 
Amphiuma tridactylum, the Frog, 
and Man, 57. 97. 

Schmidt's Atlas der Diatomaceen- 
Kunde, 357. 

Schulze, Adolf, an Easy and Simple 
Method of Besolving the FiDcst-lined 
Balsamed Diatomaoeous Tests by 
transmitted Lamplight, with special 
reference to Ampnipleura pellucida, 
45. 

Schulze's Mode of Intercepting the 
Germinal Matter of the Air, 206. 

Schwann's (Professor) Jubilee, 208. 

Science of Microscopy, Is there a, 365. 

Scieotifio Evening, 16l>, 392. 

Sections, thin, of Objects of different 
consistency, the Preparation of, 274. 

Selection of Food, Apparent discrimina- 
tive power in the, by a Heliozoon, 
215. 

Septic Organism, the Life-History of a 
minute, 203. 

Septicity of Putrefied Blowl, 279. 

" Simple Device " for the Illumination 
of Balsam- mounted Objects, on a, 
246. 

Slack, Henry J., On tlie Visibility and 
Optical Aspects of Hairs viewed from 
a Distance, 818. 

Slides and Covcr-glaases, Cleaning, 295. 

, a ** New *' Box for Microscopic, 

201. 

, Microscopical, of Lichens, 379. 

, a new Postal Box for, 201. 

Soiree of the Chemical Society, the, 149. 

Sorby, H. C, the President's Address, 1 . 

Spider, a Fossil, 26. 
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Spiders, Digestive Apparatus of, 199. 
Spines, Hooked, on thd Boot-fibres of 

British Poiyzoa, 200. 
Spirillum, Life-Histoiy of, 852. 
Splenic Disease, Bacteria as Parasites 

in, 87. 
Sponge, Haliphysema Tumanowiczii 

not a, 261. 
Sponges, Calcareous, a new Family of, 

209. 

, the Embryology of; 263. 

, the Structure and Development of, 

223. 
Spongida, Parasites of the, 288. 
Spongilla fluviatilis, Variation in, 

299. 
Spore Nomenclature, 372. 
Stage, Hot, a new Form of, 191. 
Staining for the Central Nerve System, 

836. 

and Preparation of Bacteria, 

the, 268. 

, a new Double, 289. 

Material, Bismarck Brown as a, 

297. 

rapidly, a Method of, 150. 

Stephenson, John Ware, on a Large- 
angled Immersion Objective without 
Adjustment (Dollar, with some Ob- 
servations on ** Numerical Aperture," 
51. 

Note on the Effect produced 

on P. angulatum and other Test 
Objects by excluding the Central 
Dioptric Beam of Light, 186. 

Stewart, Charles, on a new Coral, 
Stj'laster slellulatus; and Note on 
Tubipora musica, 41. 

Sting of the Honey Bee, the, 367. 

Stokes, Professor G. G., on the Question 
of a Theoretical Limit to the Apertures 
of Microscopic Objectives, 139. 

Stomata, part played by the, in the 
Exhalation and Inhalation of Aque- 
ous Vapours by the Leaves, 334. 

Stromatopora and its Allies, tiie minute 
Structure of, 285. 

as distinguislicd from Millepora, 

208. 

StromatoporidfB, the Microscopic Struc- 
ture of the, 219, 364. 

Structure of Blood-oorpuscles, 364. 

and Development of Sponges, the, 

223. 



Microscopic, of the Stromato- 
poridie, the, 219. 

— of the Brain in different Orders of 
Insects, the, 271. 

^of the Coloured Blood-oorpuscles 
of Amphiuma tridactylum, the Frog, 
and Man, the, 57, 97. 
— , the minute, of Stromatopora and 
ito Allies, 285. 
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Stylaster stellulatuB, on a new Coral, 

41. 
Sugar, the Inversion of, by Pnngi, 24. 
Szamoefalva, on the Rhizopoda of the 

Salt Lake of, 148. 

T. 

Temperature, Influence of, on the 
Optical Constants of Glass, 283. 

, very low. Action of, on Bacteria, 

25. 

Tentacles in Hydra, Mode of Develop- 
ment of the, 283. 

Terrioolous Rhizopoda, 202. 

Terebella, JJ mbryo of, Wartelia wrongly 
considered as the, 355. 

Termination of tlie Nerves in the 
Striated Muscles, the, 348. 

Tests, the Finest-lined Balsamed Dia- 
tomaoeous. Method of Resolving, 45. 

Test Object for Histologists, 148. 

Objects, Apparatus for Resolving, 

201. 
, Effect produced on P. 

angulatum and other, by excluding 

the Central Dioptric Beam of Light, 

186. 
Thermal Death Point of a minute 

Septic Orpnism, Experiments made 

to determine its, 203. 
Thin Covering Glass, 298. 
Sections of Objects of different 

consistency, the Preparation of, 274. 
ToUes' ^ Objective, on the Results of a 

Computation relating to, 142. 
Toxic Matter connected with Typhoid 

and other Enteric Diseases, on the 

Detection of, 33. 
"Transporter" of Professor Monnicr, 

the, 265. 
Trap, Microscopic, for a Rover, 81. 
Tiembley's Experiments on turning a 

Hydra inside out, 249. 
Trichina, searching for, 26. 
Trichodonopsis paradosa, 361. 
Tubipora musica, Note on, 41. 
Turbellaria and Echinodermata, a new 

Class of Animali parasitic on, on the 

Orthonectida, 23. 
Typhoid and other Enteric Diseases, 

Toxic Matter connected with, on the 

Detection of, 33. 



U. 

" Ultimate Limit of Vision," 169, 337. 
Unit of Micrometry, 254, 310, 3531 
, the proposed Micro-Metric, 353. 

V. 

Vacuoles, the Contractile, of the In- 
fusoria, Physiology of the, 259. 

Vaucheria, a Parasite of Notommata 
Wemeckii, 296. 

Vegetable Physiology, Borax in, 299. 

Vernier applied to the Microscope, 299. 

Vibrion, new Aerobic, 292. 

Visibility and Optical Aspects of Hairs 
viewed from a Distance, on the, 318. 

Vision, Ultimate Limit of, 169, 337. 

, Microscopic Limits of, 379. 

W. 

Ward, F. H., Improvements in the 
Micro-spectroscope, 326. 

Wartelm, a new genus of Annelida, 
355. 

Water-lens Microscope, a, 223. 

Water, Focussing under. Protecting 
Cap for, 283. 

Wenham, F. H., on the Measurement 
of the Angle of Aperture of Objec- 
tives, 321. 

White of Egg as an Imbedding Sub- 
stance, 258. 

Woodward, J. J., Lieut.-CoU Further 
Remarks on a ^ Simple Device "* for 
the Illumination of Balsam-mounted 
Objects for Examination with Im- 
mersion Objectives whose Balsam 
Angle is 90° or upwards, 246. 

Worms, the Hepatic Organ in the, on 
a rare Form of, 366. 

Z. 

Zeiss, Carl, Description of Professor 
Abbe's Apertometer, with Instruc- 
tions for its use, 19. 

Zuiss's new ^ Oil-immersion Objec- 
tive, 370. 

"Zentmayer" new Patent Microscope, 
the, 197. 

Zoospores, Antherozoids, Ac, Liheration 
of the, in the Lower Plants, 312. 
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